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Defense Nuclear Agency
S h eet Public Affairs Office ;
Washington, D.C. 20305 }

Subject: PLUMBBOB Series
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Operation PLUMBBOB, the sixth series of atmospheric nuclear weapons tests
conducted within the continental United States, consisted of 24 nuclear
detonations and six safety experiments. The PLUMBBOB scries lasted from April 24,
to QOctober 7, 1957, and involved about 18,000 DOD personnel participating in

" ‘observer programs, tactical maneuvers, and scientific and diagnostic studies. The
series tested nuclear werpons for possible inclusion in the defense arsenal. The C
tests were also used to improve military tactics, equipment, and training. The
safety experiments were conducted to ensure that no nuclear reaction would occur
if the high explosive components of the device were accidentally detonated during
storage or transport.
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Department of Defense Involvement

During Operation PLUMBBOB, the activity with the largest DOD participation was
Exercise Desert Rock VII and VIII, a program involving members of all armed :
services. Exercise Desert Rock VII and VI! included training programs, tactical S
maneuvers, and technical service projects. Training programs generally included
lectures and briefings on the effects of nuclear weapons, observation of a nuclear L
detonation, and a subsequent visit to a display of military equipment exposed to
the detonation. At shots HOOD, SMOKY, and GALILEO, maneuvers were conducted to
develop tactics applicable to the nuclear battlefield. At HOOD, the Marine Corps
conducted a maneuver involving the use of a helicopter airlift and tactical air
support. At shot SMOKY, Army troovs conducted an airlift assault, and at shot
GALILEQ, Army troops were tested to determine their psychological reactions to
witnessing a nuclear detonation. Technical service projects were designed to
test equipment and techniques.

In addition to Desert Rock activities, scientific experiments to assess the
effects of each nuclear detonation were conducted by four test groups of the
Nevada Test Organization (NTO). The Weapons Effects Test Group was sponsored by
Field Command, Armed Forces Special Weapons Project (AFSWP). The two AEC weapons
development laboratories sponsored the Los Alamos Scientific Laboratory (LASL) and
the University of California Radiation Laborstory (UCRL) Test Groups. Finally,
the Federal Civil Defense Administration sponsored the Civil Effects Test Group
(CETG), which evaluated the effectiveness of civil defense measures. Although
the Weapons Effects Test Group was the only DOD-sponsored test group, DOD person-
nel took part in the experiments of the other three gronps.

Individuals  participating in scientific experiments placed data~-collection
instruments around the point of detonation in the days and weeks preceding the
scheduled nuclear test. They returned to the test area to recover equipment and
gather dats after the detonation, when the Test Manager had determined that the
areu was safe for iimited access.
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Support services for both Exercise De.ert Rock VII and VIII and the Nevada Test
Organization included radiological safety, security, transportation, commnuni-
cations, engineering, and logistics. The Air Force Special Weapons Center (AFSWC)
at Kirtland Air Force Base, New Mexico, provided aircraft and pilots for prashot
security sweeps, cloud sampling, cloud tracking, and aerial radinlogical surveys
conducted for the NTO. During PLUMBBORB, AFsWC ealso conducted cloud penctration
studies for the Weapons Effects Test Group to determine Air Force nreeds in
monitoring the accumulation of radiocactive contaminants on aircraft.

Safety Standards and Procedures

Exercise Desert Rock VII and VIII, the test groups, and AFSWC each developed its
own organization and procecdures for ensuring the radiological safety of its
members based on the established criteria of the Atomic Energy Commission. The
radiological safety plans were developed to minimize operational exposures to
ionizing radiation.

The safety of Desert Rock VII and VIII participants was the responsibility of the
Desert Rock Exercise Director. A maximum radiation exposure limit of 5.0
roentgens in any six-month period was established for Desert Rock troops. Of this
exposure, no more than 2.0 roentgens was to be from prompt radiation.

Exposure limits for blast pressure and thermal radiation were also established.
Based on exposure limits and mode of delivery, minimum distance criteria for
positioning Desert Rock troops and observers were established. For a tower shot
with a predicted maximum yield of about 10 Kkilotons, troops in the open were
positioned at least 4,009 yards from ground zero. Troops in trenches at such a
shot were positioned no closer than 2,600 yards from ground zero. Troops in
armored vehicles were positioned no closer than 2,800 yards from ground zero.

The Desert Rock Radiological Safety Section implemented procedures for Exercise
Desert Rock during PLUMBBOB. The 50th Chemical Platoon supported the Radiological
Safety Section by providing materials, equipment, and personnel.

The Test Manager was responsible for the safety or all test group personnel at the
Nevada Test Site during the operation. The radiological safety criteria for test
group personnel was 3.0 roentgens for any 13-week period, and 5.0 roentgens for
one calendar year. AFSWC piluts were subject to the same exposure limits as the
test groups. Onsite radiologiral safety operations were performed for the Test
Manager by AEC personnel. The Air Force Special Weapons Center implemented its
own radiological safety procedures.

Although the missions of Exercise Desert Rock, NTO, and AFSWC required different
types of activities and separate radiation protection plans and staffs, many of
the procedures wcere similar and were performed by two or more of the three
radiological safety groups. These procedures included:

e Orientation and training - preparing radiological moni-
tors for their work and familiarizing participants with
radiological satety procedures

o ————— e — o~

T —rv—— e o e et —

: B I
—wm;gq)tmm.ﬂmmﬂmwwwﬁw“ y
i e —

s CC SR AT R e



e Personnel dosimetry - issuing, processing, devel-
oping film badges for participants, and determin-
ming gamma radiation exposures recorded on film

badges

e Use of protective equipment - providing an.i-
contamination cquipment, including clothing and
respirators

e Monitoring - performing radiological surveys and
controlling access to ali contaminated areas

e Briefing - informing observers and project
personnel of radiological hazards and the current
status of contamination in the test area

® Decontamination - detecting and removing
contaminated material from personnel and equip-
ment.

Radiation Exposures at PLUMBBOB

The following table indicates the findings of the military Services as of April 23,
1981.

Air DOD
Army Navy Maines Force Civilians
# Participants 7,226 466 2,417 2,505 2,266
4 With Film Badge 7,226 442 540 1,446 2,222
4 With less than 3,194 371 241 893 1,558
0.1 rem
Greater than > rem 27 3 1 19 0

Summaries of PLUMBBOB Nuclear Events

The 24 PLUMBBOB nuclear shots and the safety experiments are summarized in the
accompanying table, and their locations are shown on the accompanying map. Shots
PRISCILLA, HOOD, SMOKY, and GALILEO are described in the following paragraphs.
PRISCILLA is significant due to the large number of participants involved and the
extensive militarv effects program. HOOD and SMOKY invoived large troop tests.
GALILEQ is significant because some personnel had been at the test site for an
extended perind of time awaiting a decision as (o whether lhey would be able to
participate at SMOKY. For a number of reasons including delays in the scheduling
of SMOKY, the Army troop test was conducted at GALILEO instead of SMOKY.
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Shot PRISCILLA, a 37-kiloton shot, was detonated from a balioon 700 feet above
Frenchman Flat at 0630 hours on June 24, 1957. While there was no troop maneuver
at PRISCILLA, more than 1,700 individuals took pert in Exercise Desert Rock
activities. Most of these individuals were involved in the troop observer
indoctrination program. The closest troops witnessed the detonation from trenches
3,500 meters southwest of ground zero. After the detonation, troops toured the
extensive equipment display area, located directly south of ground zero. At the
time of the first survey, residual radiation greater than 1 R/h* was confined to
a circular area within 550 meters of ground zero. Troops were able to view equip-
ment up to the 5 R/h intensity line located 500 meters from ground zero.

The primary objective of the PRISCILLA event was to correlate the yield and
characteristics of the device with its effects on military equipment, materiel,
structures, and ordnance. To fulfill this objective, about 300 Armed Forces
Special Weapons Project personnel conductced 34 scientific projects at shot
PRISCILLA, making this shot one of the largest military effects tests ever
conducted at the Nevada Test Site. In addition, AFSWC aircrew personnel provided
such services to the Test Manager as cloud sampling, cloud tracking, and security
sweeps. The principal AFSWC unit involved in the PRISCILLA shot, as at other
shots in the PLUMBBOR series, was the 4950th Test Group (Nuclear), with support
from the 4900th Air Base Group. During shot PRISCILLA, AFSWC also conducted the
cloud penetration study.

Shot HOOD, a 1,500-faot balloon shot with a yield of 74 kilotons, was fired at
0440 hours on July 5, 1957 in Yucca Flat. HOOD was the largest atmospheric
detonation to occur at the NTS. Residual radiation greater than 1 R/h at the time
of the first survey was confined to a circular area 1,000 meters from ground
ZerQg.

Exercise Desert Rock programs included troop observer and indoetrination projects,
a troop test, radiological training projects and technical service projects. Over
3,000 DOD personnel participated in these projects, the largest being the Marine
Brigade Exercise, which involved 2,100 to 2,200 Marines from the Fourth Marine
Corps Provisional Atomic Exercise Brigade. The principal participating units were
from the First Marine Divison of Camp Pendleton, California, and the Third Air
Wing from the Marine Corps Air Station at El Toro, California.

Originally scheduled to take place during shot DIABLO, the exercise was
rescheduled for shot HOOD when DIABLO misfired. The Marine exercise had several
objectives, including the training of personnel in the effects and employment of
nuclear weapons, the formulation of tactics and techniques relative to nuclear
war, and the training of personnel in passive defense measures against the ~ffects
of nuclear weapons. The postshot troop maneuver involved a coordinated air-ground
assault by a reinforced Marine battalion against a mflitary objective. After
observing the shot, the Marincs were transported by helicopters to landing zones
near the attack objective. A ground assault on the objectivc, supported by tacti-
cal airceraft, was to follow the airlift. When the objective was obtained at 1100
hours, more than six hours after the shot, some of the troops viewed an equipment
display area, located from 240 to 2,170 meters from ground zeru.

*R/h = roentgeas per hour
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Another 100 project participants took part in 24 e~ientific experiments and six
operational training projects at shot HOOD. AFSWC activities included the cloud
penetration study, as well as such standard support missions as cloud sampling,
courier missions, cloud tracking, and securitv sweeps. About 80 AFSWC aircrew
took part in these activities at shot HOOD.

Shot SMOKY was fired from a 700-foot tower in Yucca Flat at 0530 hours on August
31, 1957. The shot had a yield of 44 kilotons. At the time of the first survey,
the I R/h line extended more than 6 kilomelers to the southeast of ground zero.
Exercise Desert Rock troops observed the detonation from a location 13 kilometers
southwest of ground zero. The closest approach was 4,100 meters west of ground
zero. Exercise Desert Reock activities at shot SMOKY included a troop test, the
troop observer program, technical service projects, and radiological monitoring
training. The most significant of these activities, an attack and resupply
maneuver, involved an estimated 1,144 troops. The initial phase of the project
was conducted two weeks before the shot. Troops prepared defensive positions
north and west of SMOKY ground zero for inspection after the shot. The troops, a
reinforced Infant»y Company named Task Force WARRIOR, were part of the 1st Battle
Group, 12th Infantrv Regiment, 4th Infantry Division, Fort Lewis, Washington.
They opserved the shot assembly areas some 13 kilometers from ground zero.
Fifteen minutes after the shoat, a Pathfinder unit, accompanied by radiologicsal
moritors, flew into the objective area nortnwest of ground zero and determined it
radiologically safe to occupv. At 0550 hours, asssult elements of the task force
had been brought into the oojective area. The exercise ended at 0945 houvrs on
August 31, 1957.

About 200 additional participants took part in the scientific experiments at shot
SMOKY. Another 22 Navy and Air Force crewmen participated ir operational training
projects designed to indoctrinate personnel, practice photographic reconnaissance,
and test indirect bomb damage assessment equipment and techniques. In addition to
performing cloud sampling, sample courier returns, security sweaps, and cloud
tracking missions, AFSWC pilots providec support to Desert Rock, AFSWP, UCRL, ang
CETG projects. More than 200 AFSWC aircrew personnel were involved in these
activities.

Shot GALILEQ, with a yield of 11 Kkiiotons of explosive enerpgy, was detonated from
a 500-foot tower at 0540 hours on September 2, 1957. At the time of the first
survey, fallout of 1 R/h was detected as far as 2,750 meters northwest of ground
zero. Exercise Desert Rock activities at GALILEQ. which involved 293 individuals,
included a troop test and two technical service projects. The troop test,
conducted by the Human Resources Research Office (HumRRO), was to monitor the
pertormance of persons who had witnessed a nuclear detonation for the first time.

Immediately after witnessing GALILEO, troops performed a rifle disassembly/
assembly to test their reactions. Thev then went to the SMOKY trench area, where
they performed the infiltration course test. Film badge records sugiest that only
110 of the 167 servicemen scheduled to participate actually took part in the troop
test. Eighty-six of these were lest troops, and seven were troop monitors who
were to supplement the HumRRO monitors who had left early. The remaining 17
probably alsc assisted in the HumRRO team as monitors,
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SUMMARY OF OPERATION PLUMBRBOB EVENTS (1967)*
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Locat Type Height of Actusil
Shot Spc 1or Date Time Burst th} Yieid
PROJECT 57 AEC Apry 24 0627 PST Sutface o 0
BOLTZMANN LASL May 28 €455 PDT Tower 00 2T
FRANKLIN CASL St 2 D455 POT Towee NG 140 tons
LASSEN UCRL June 5 0445 PRT Baiooe 00 25 tons
WIHSON UCRL Jure 18 0455 PDT Basoon 50C 10K T
PRISCILLA LASL DOD June 24 0630 DY Bascon 230 IR
COUL‘L)MB a LASL Juty 1 030 RDY Surtare 3 o
HU0D UCRL j suby & 0440 PDTY Bascon B0 7aKT
DIABLO UCAL Juiv 15 5430 POT Towes 500 MY
JOHN poD Juw 19 a0 poT | AU AT 18 500 %7

Mssue

KEPLER LASL Suer 24 0480 PD v Tower 500 0T
OWENS UCRL Juty 23 WG PDT Bailoon 500 QT
F‘A?C-AL A LASL Juty 26 Moo FOT Shaft 500 shgnt
STOKES LASL Ay 7 2w POT 8anoonr 50 TOnT
SATURN JCRL Aug 9 1900 BT Tonre o0

“Four satety expeoments - PASCAL ¢ COULOMEB T VENUS and URANUST were Cunauitra 31 N75 5ur Feaect T8 te Taees *
ot PLUMBBOB tesung -r O. 1oher 1957 and the start of HARDTACK 11 .n Septemtser 1958
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SUMMARY CF OPERATION PLUMBBOR EVENTS (1957) (Continued)

Locat Type Meight of Actual

Shot Sponsor Oate T.me Burst (H) Yield
SHASTA UCRL Aug 18 0506 PO Tower 00 1KY

i DOPPLER LASL Aug 23 0830 POT Batioon 1500 NKT

T

i PASCAL B LASL Aug 27 183 POT Shaft 500 C3NT

3 Satery Laper e

' FRANKLIN LASL Aug30 | 0540PDT | Batoon 750 4 TKT

% PRIME
SMOKY UCRL Agg 3t 0530 POY Tower 00 44K T
GALILEO LASL Sept 2 o540 POT Tower 500 1KT
WHEELER UCRL Sept 6 o545 PDT Batoon 800 197 wons

t

{ COULOMB B LASL Sept 6 1305 POT Surlace c 300 tons
Satety Bapr mue

f LAPLACE LASL Sept 8 060G PDT Batoon %0 Xy

1

4 FIZEAU LASL Sept 14 0945 POT Tower 500 AAT S
NEWTON LASL Sept 16 550 PODT Bakoon 150G 1267
RAINIER UZRL Sept 19 1000 PDT Tunnet 880 1I%7
WHITNEY UCRL Sept 23 2630 POT Towes 500 19K T

. CHARLESTON UCRL Sept 28 0600 POT Balipon 500 2RT

‘ MORGAN JCRL Oct 7 W00 PST Baftoon %00 axT

|
|
|
|

B R S

R e e T



PR U

o ey

.

P o "o

AN S
s e e

Ve

s

'

0

:

)

'

- FEDGECT 3

S AT e e g

A\
1
t N
NIRRT
-~
aed

LYS IR CTIN

I AT Aele VT ey

e hen

JRJERSALOND LT

LY

oL TINENN
THANKL (%
LASSEN
SILEIN
330
SwEss
wHEELER
TWARLESTIN
“CRGAN
AUsliia
DAL
e ]
KEPLEIE
STIkES
20POL £
‘N‘L N SR -E
LAPLACE
NEWSTON
SHACYR

e Ky
GALILED

L 2
AAINIES
i TREY
AR B

)

Frgmonegs

NEVADA TEST SITE

MERCTRY 4 5rWAY

|

~dxg

NOTE THE BOUNDARY BETWEEN AREAS 1 & 3 AND AREAS 4 & 715 MERCURNY ~IGHWAY, THE NORTH-SOUTH

ROAD SHOWN TRAVERSING THOSE AREAS THE BOUNDARY BETWFEN AREA 2 AND AREA § LIES ALCNG THE
CENTER OF THE THREE ROACS SHOWN,

T
t
-3




PREFACE

Between 1945 and 1962 the Atomic Energy Commission (AEC) carried out
; some 235 atmospheric nuclear tests, principally in Nevada and in the Pacific. An
' estimated 220,000 Department of Defense (DOD) personnel, military and civilian,

participated in this testing.

Until 1977 there was no indication that former test participants were

i, experiencing any adverse health effects which might be attributable to exposure to

; ionizing radiation at the tests. (n 1977 the Center for Disease Control (CDC)* _

; discovered a possible leukemia cluster among participants in shot SMOKY, Nevada, ‘
‘ | 1957. By late 1977 a DOD ad hoc committee, working iogether .ith CDC, had
’ 3 reconstructed a list of those present at SMOKY and identificd nine leukemia cases

! from among the 3200-odd DOD participants. CDC calculatiuns showed thet the
expected incidence of leukemia should be three to four cases. CDC undertock an
epidemiological study to investigate the cause of these leukemias. On a broader
scale, the CDC data show that among SMOKY participants, the total nnumber of deaths

from all causes is about that which would be normally expected.

Responding to this initial indication of a possible heaith problem, DOD

in December 1977 began a program of wide-ranging actions on behalf of the

atmospheric nuclear test participants. The Defense Nuciear Agency (DNA) was 3

| appointed DODL's executive agent for this effort. The program established by DNA 2

to carry out these respensibilities is termed the Nuclear Test Personnel Review

(NTPR) program.

. NUCLEAR TEST PERSONNEL REVIEW PROGRAM é

.
N d

’,

First, the NTPR program conducts extensive research to retrieve every
hit of data about personnel participation and radiation exposure that can be
recovered from records, archives, repositories, files, ete., throughout the U.S.
! and picce it together into a coherent, personnel-oriented history of the

atmospheric test program. The result is a bookshelf of volumes, organized by

*The CDC is a part of the Department of Health and Human Services.

.

i
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series and shot, showing who was there, what they were doing, what radiological

safety precautions were taken, what radiation doses individuals received, etc.

———

s Second, in the process of this research, the NTPR program declassified
[ documents which formerly bore a security classification, and reprinted,
catalogued, and assembled these historical documents for easy reference by former

N participants, the Veterans Administration (VA), and others.

Third, the NTPR program calculated or estimated atmospheric test
radiation exposures, both as a check on film badge readings and as a substitute

for those cases where badges were not worn or readings were not recorded or are
not retrievable.

B i st Do

Fourth, the NTPR program established personal contact with as many test
participants as possible through a nationwide public information program,

toll-free telephone lines, return letters, interaction with the VA, and develop-

ment of a permanent, computerized data base. '

Fifth, the NTPR program identified individuals who received doses higher
than today's Federal guidelines, notified them of their exposure level, and

offered them free medical examinations at Government hospitals.

|
Sixtn, the NTPR program, in conjunction with the Department of Energy l
(DOE), funded an extensive morbidity/mortality study by the National Academy of ‘5
Sciences (NAS) of about 40,000 test participants selected by the NAS. The purpose ;
of this study was to determine whether there was an increased incidence of disease
among these individuals. It should be noted that even 20-35 years sfter some
' 220,000 DOD personnel participated in the atmospheric test program, the only
: indication that there might have been an increased health risk associated with .
test participation wzs CDC's identification of nine leukemia cases among i
pariicipants in shot SMOKY, where the normal incidence woul: have been between
three and four. (And, uas stated above, CDC did not attribute this leukemia to
exposure to ionizing radiation.)
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Finally, the NTPR program provided assistance to veterans, the VA, ana
other organizations by doing individual research and providing as complete data as
possible on individual participation and radiation doses.

Thus, the overall NTPR effort served a major function of assisting test
participants and other interested parties to ascertain, in as much depth as
possible, the details of their participation. This report is the history for
testing programs executed during the Operation PLUMBBOR test series. Radiation
control policies, procedures, and requirements are discussed as implemented across
the series of tests. Also included are references to those individual shot

volumes which illustrate particular activities.
METHODS AND SOURCES USED TO PREPARE THIS VOLUME

The Defense Nuclear Agency compiled information for this volume by
examining available documents which record the military operations and scientific
activities performed during Operation PLUMBBOB, the atmospheric nuclear weapons
tests conducted in 1957. These records, most of which were developed by
individuals and organizations perticipating in the tests, are kept in over three

dozen document repositories throughout the United States.

In compiling information for this report, teams of historians, health
physicists, radiation specialists, and information analysts canvassed document
repositories known to contain materials on atmospheric nuclear weapons tests
conducted in the southwestern U.S. These repositories include armed services
libraries, Government agency archives and libraries, Federal repositories, and
libraries of scientific technical laboratories. The teams examined large amounts
of both classified and unclassified documents containing information on DOD
participation in Operation PLUMBBOB. Researchers recorded relevant information
concerning the activities of DOD personnel during PLUMBBOB, and catalogued the

data sources in an automated database for easy cross-referencing and retrieval.

The following document repositories held the most information on Operation
PLUMBBOB.

-




e Defense Nuclear Agency Technical Library, Alexandria,
Virginia

-

e Los Alamos Scientific Laboratory, Los Alamos, New '
Mexico

e Department of Energy, Nevada Operations Office, Las '
Vegas, Nevada

e U.S. Air Force Weapons Laboratory Archives, Kirtland
AFB, Albuquerque, New Mexico

e U.S. Air Force Special Weapons Center (AFSWC) - Air
Force Weapons Laboratory Technical Library, Kirtland
AFB, Albuquerque, New Mexico

e Modern Military Branch, National Archives, Washington,
D.C.

o Defense Atomic Support Agency Information Center,
Santa Barbara, California.

Most documents pertaining specifically to DOD involvement during
PLUMBBOB were found in the Defense Nuclear Agency's Technical Library, the

Department of Energy's Nevada Operations Office, the Los Alamos Scientific
Laboratory, and the Modern Military Branch of the National Archives. The

significant documents (all cited in the Reference List) used in the development of
this report included:

e Final Report of Operations for Exercise Desert
Rock VII and VIII.

e Report of the Test Director, PLUMBBOB
e Report of the Test Manager, PLUMBBOB

: e Test Director's Operation Plan and schedule of :
events for PLUMBBOR {

® Exercise Desert Rock VII and VIII operation ;
orders and After-action Reports ‘

e Analysis of  Radiation  Exposure for Troop T
Observers, Exercise Desert Rock VII and VIII,
Operation PLUMBBOB, prepared by the Defense
Nuclear Agency

12




e Air Force Special Weapons Center Report of the 4925th
Test Group (Atomic) at PLUMBBOB

® Air Mission Summary Reports

e Radiological Safety Report, prepared for the
Nevada Test Organization by Reynolds Electrical
and Engineering Company, Inc.

e PLUMBBOB AFSWP Operation Summary Report

e Weapons Test Reports for the Armed Forces
Special Weapons Project

e Compilation of Loeal Fallout Data from  Test
Detonations 1945-1962.

Gathering data for this study presented 8 variety of challenges. Many
different military and civilian o¢rganizations were involved in developing and
storing records related to Operation PLUMBBOB. Each branch of the armed services
and each civilian organization had its own system of recording information. Much
material was never preserved, probably because it was not considered important at
the time. Other records have been transferred from one repository to another, and

accounts of the transfer of documents are not always available.

Frequently, the surviving historical documentation of activities
conducted during Operation PLUMBBOB addresses test specifications and technical
information rather than the personnel data critical to the study undertaken by the
Nuclear Test Personnel Review. Moreover, instances have arisen in which available
historical documentation has revealed inconsistencies in factual data, such as the
number of DOD participants in a certain project at a given chot or their locations
and assignments at a given time. These inconsistencies in data usually occur
between two or more documents, but occasionally appear within the same document.
Efforts have been made toc resolve these data incunsistencies wherever possible, or

to otherwise bring them to the attention of the reader.

ORGANIZATION OF THE PLUMBBOB SERIES REPORTS

This volume details participation by DOD personnel in Operation
PLUMBBOB, the sixth atmospheric nuciear weapons testing series conducted at the
Atomic Energy Commission's Nevada Test Site. Seven other shot volumes address DOD

activities during the various detonations of the PLUMBBOB series:

R T
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e First Four Tests, BOLTZMANN - WILSON
e PRISCILLA

e HOOD

e Mid-Series Tests, DIABLO - FRANKLIN
¢ SMOKY

e GALILEO

e Final Eight Tests, WHEELER - MORGAN

All volumes addressing the test events of Operation PLUMBBOB have been
designed for use with one another. This series volume, for example, includes a
description of the historical context of the atmospheric nuclear weapons test
program in general and the 1957 PLUMBBOB series in particular, a discussion of the
operation's overall objectives, a description of the geographic layout of the
Nevada Test Site, organizational relationships, general radiation safety proce-
dures, and an appendix listing of all test programs. It contains information
which applies to those dimensions of the operation which transcend specific
events. The shot volumes, on the other hand, contain little of this general
information on PLUMBBOB, since such matters apply to all events of the series
ruther than to any single shot. Similarly, this volume contains a bibliography of
all works consulted in the preparation of the eight Operation PLUMBBOB reports,
while the shot volumes and multi-shot volumes contain a bibliograpny only of the

sources referenced in each of thcse texts.

14
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CHAPTER 1
! INTRODUCTION !

i
+
1.1 PURPOSE OF THIS REPORT '

This report is about Department of Defense (DOD) personnel involvement :
. in the atmospheric nuclear weapons test series, Operation PLUMBBOB, which took .
place at the Nevada Test Site in 1957. This volume deals with why the testing
B took place, the activities and safety measures, the procedures used to limit or
control exposure of personnel to ionizing radiation, the activities that may or
may not have resulted in personnel exposure to radiation, and an analysis and
summary of the ijonizing radiation exposures received by various military units.
This report serves to assist test participants and other interested parties in
ascertaining, to as much depth as possible, details of individual participation.
Additionally, it is an instrument to assist scientific research, the Veterans :
Administration, and the public as a historical account of the PLUMBBOB series of

atmospheric nuclear weapons tests.

1.2 HISTORICAL BACKGROUND :

From 1945 to 1962, the United States conducted a number of nuclear
weapons series in the continental United States. The sixth series was Operation
PLUMBBOB, the first test conducted on 24 April 1957 and the last on 7 October
1957. ’

Progression of the U.S. nuclear test program had a direct link with

R R I FRVY AU

United States defense policy, aimed at keeping the United States competitive in

am

e,

the nuclear arena and secure in its place as a world leader. With emergence of
the USSR as a nuclear rival in 1949, the U.S. had strong motivation for

continuing, and even intensifying, its test program.

Despite this impetus, however, a counter-movement was emerging. It

R b b s R A Al

began in 1954, after some of the inhabitants of the Marshall Islands were

accidentally exposed to fallout. At that time, Prime Minister Nehru of India

proposed a cessation of tests (130).* The call for a "test ban" figured repeatedly

*All sourves cited in the text are listed alphabetically by author in the
Reference List, appended at the back of this volume. The number given within the

citation in the text is the number of the source document in the Reference List.
e — %
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in disarmament discussions, most importantly, those of the Disarmament Subcom-
mitter of the U.N. Disarmament Commission. The Disarmament Commission was in
session from 18 March to 6 September 1957 at the same time that PLUMBBOB was being
conducted--May to October 1357. Thus, as the PLUMBBOB series went forward, the

international effort was turning toward cessation of future testing.

However, the test ban did not take place in 1957 because of the
seemingly irreconcilable differences between the U.S. and the Soviet positions.
The Subcommittee's discussions ended in Septemher 1957 with no significant
movement from either side. As background for test program decisions, however, it
is important to note that 1957 was a year charged with controversy over the future

of nuclear testing.

1.3 PURPOSE OF OPERATION PLUMBBOB

On 21 December 1556, after a year of AEC, DOD and FCDA* planning,
Lewis Strauss, Chairman of the AEC, requested Presidential approval forr Operation
PLUMBBOB, then termed PILGRIM (Figure 1-1). The letter requesting approval listed
the primary objectives of PLUMBBOB. (299) In view of the scientific and political
situation described above, the letter thus indicates how PLUMBBOB might advance

the U.S. position. The primary objectives were as follows:

® To proof test a weapon for desired military
characteristics before it enters the national
stockpile.

e To provide a firm basis for undertaking the
extensive engineering and fabrication efforts
which must be expended to carry a "breadboard"
model to a version satisfactory for stockpile
purposes.

e To demounstrate the adequacy, inadequacy, or
limitations of current thecretical approaches.

e To explore phenomena which can vitally affect
the efficiency and performance of weapons but
which are not susceptible to prior theoretical
analysis of sufficient certainty,

*Atomic Energy Commission, Department of Defense, and Federal Civil Defense
Administretion, respectively.

— e
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Decomber 21, 1955

deir Mr, President:

A number of nuclear devices for early entry into aur defense stocipirle, or
‘toortant to the most raotd idvancesent of later weapons designs, will reguire
testing in calendar year 1357. Such tests would :nelude:

a———— -~

|

!

i

{ 1, The proof-firing of certav: gsr defense ana anti-submarine warneads
'{ scheduted ¥or early production....
H

i

|

¥

9. Cevelgopomnt tesis of components ind =mckups which provide design N
taforaation ‘or thewmonuclear devvces, which we plan to test in the .
o wetok Proving Sround *n 1958, These 'noiude...devices directed :
toward a higner , ald-to-weight rat-o.

c. Ixpleratory and deviiopment tests airected toward achreving more ¢
: efficient use 0F active Steri2! and warnaags of Lmaller size a7J
H werght.

; d. A deep underground test designed 0 explore this =anner of testing.

v t hig testing techaique would gQuarantee ng off-site fallout and would

: fyrnish nformation of 'mportance ‘o several rew joss:ble applications
of atomic wespons.

in additron, the Department of Defense and the Federal Civil Defense
Administration have indicated a need to secure from any test sertes in 19%7
certarn effects data Mmportant To the protection of our people and miivtary
forces. A portion of this data can be secured from diggnostic shots. However,
w0 specral shots gesigned specifically ta Secure such effects :nformtion may be
required, one of which would be a Department of Defensa test iavolving an
air-burst of The nuclear warhead :n the new USAF air-to-ar rocket follawing its
Taunching from an ntarceptor atrcrafe.

Y. EIALAE R

Tinally, 1% will be necessary during the year to conduct certain safety

test5-~tests wherein the nigh explostve is detonated in an asymmetrical mamer %o
orove thet ne nuclear reaction will occur if the weapon, while spfed, 's subjected
T3 fire Or accrdent, and Yo determine the extent of local contaminatica which :
might result from the spread of nuclear mterial from weapons iavolved in fire or .
accident, =

Approximately 25 nuclear shots, together with five or more safety tests, oay de

required during the year. The first auclear deyice would De detanated gn or about A
M3y 1, 1957, and it is estimated that ali nuclear shots would be fired in 3 periog .
of the oraer of f:ye rmonths, Tha safety tests, fronm which no ruclear reaction s -
expected, would be fired on an “as ded™ basis throughout the year. .

Tre operation would be designated PILGRIM. So as to avord hazard to participants
4 ar *%e sublic, shots will be Timred wn yield, will be fired only under favoradle
weazher conditions and will be implaced S0 as to wminimize local fallour. Larger
shots of the sertes will be detonated generally at hiuyher alsitudes than those for
past shots of compareble yield. The expected iocal fa'lout from such shots should
Se reduced matertally thereby.

It s om0t possible at the oresent moment 3 spectfy exactly what shols are to he
“ired. This *nfarmazion 's now being developed by the laboratories which are
“nterstsely the detated results from 2C5WING and Taying their plang for
12 15 our inteat:on, however, to finalize a scheduia as early as

2255 hle and "mepacately thereaftar tn cequest ycur aporaval for the expendiiire
2¢ tne necessary spectal muctaar matertal,

-y

H TN che meant'me, t g nacessary “hat maisr Irecarat-ons proceed.  These reluge
*he =moprlizing of forces at the Droving ground end the Thaugurat:on of necessary
zangtruct-on.  Importartly, 00, 'Y should crvalve the infgr—ing gf the oublic tn
h *he area and cthers DoSSThly affecied, swh 25 the photographic i1ngustry, of the
*'ming of oSur sertes.

We request your apprsval, therefore, for the (onduct 0f the tests on ‘*he scale ang
"7 a manner 2s we have descrobed above. As scon &§ dractical after receipt of
ysur approval, %t s our atent $0 “ssue a2 brief aublic announcament as to our
slan for the conducs oFf tests at the Neveda Test Site during calendar year 1957.

Respectfuylly yours,
Thatrman

The 2 e5trent
The 4ncte nQuse

T N O SRR W

oD*2ve *he carduct ¥ Jperatham 2105
abcye, and authertze “he tssgance ) 3 Sy

Iesia At the

20 the sC3'2 and tm the Tanner 2t ltred
wapie zubi'C anmouncemert 2f Slang for

am =3lasmdys smae TILT
3 ar e 200,

Dwight T, T-sesnower  Dac 13 1354

Figure 1-1. LETTER TO PRESIDENT EISENHOWER FROM
CHAIRMAN OF AEC, WITH PRESIDENTIAL
APPROVAL FOR PLUMBBOB.
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Operation PLUMBBOB was to be an integral part of the continuing national
program for developing the means to conduct nuclear warfare in defense of the
nation. Largely a joint AEC/DOD operation, the program had objectives which
ranged beyond those listed in the letter. The AEC needed to test a number of
nuclear devices scheduled for early production for the defense stockpile or those
important to the design of improved weapons. One test (RAINIER) was conducted
underground to contain the rediocactive material resulting from the detonation; in
this way, detonation of the device~~and the instrumentation involved with
it--would be freed from the constraints of weather. (Weather caused a number of
delays in shots conduvcted above ground due to concern over the extent of
fallout.)

One special program should be noted here: the AEC's safety tests, which
arose from the military's need to handle large numbers of nuclear weapons in the
field. These tests were planned to ensure that no nuclear reaction will occur if
the high explosive components in a weapon are accidentally detonated, as in a fire
or accident. Another part of the program was to determine what contamination

might result from the spread of nuclear materials from such an accident.

DOD used the test series to continue its study of military weapons
effects and its training of perscnnel in nuclear operations. The DOD s&lso planned
a military weapons effects program involving blast and shock measurements,
protection of underground structures such as missile launchers, nuclear radiation
effects, and tests of service equipment. In addition, the various military
services participated in Exercise Desert Rock to develop operational doctrine for
use on a nuclear battlefield, provide training in essential physical protective
measures, observe psychologicai effects of atomic explosions on individuals, and
to indoctrinate participating troops and iroop observers in the effects of an

atomic explosion on equipment, material, and emplacements.

In addition to the AEC and DOD programs, the FCDA (Federal Civil Defense
Administration) participated in PLUMBBOB as part of its mission to protect the
civilian population in the event of nuclear warfare. This program included tests

of civilian shelters, studics of fallout, biclogica!l coffcets of %last, esnd other

related studies,
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1.4 AUTHORITY

Gn December 28. 1956, President Eisenhower approved Operation FLUMBBOB l
(See Figure 1-1). Subsequently, agreements had to be formalized on the following

issues:

e Use of the Nellis Bombing and Gunnery Range

e Authorization for the expenditure of nuclear i
materials

e Designation of the Test Manager.

AEC Staif Paper 944/8, dated February 8, 1957, cited a memo of agreement between
the AEC and DOD (139). This February 1953 memo authorized use of the Nellis
Bombing and Gunnery Range, one of the largest tactical fighter truining areas in
the world (some 7.5 million acres). On February 23, 1957, the FProesident

authorized expenditure of the special nuclear msterials necessary to conduct the

test series. This step was essential in order for the testing to proceed. The
Test Manager for Operation PLUMEBOB was designated in 4 March 13, 195i letter
directive from the Albuquerque Operations Office (ALOO) {202). This letter was
generated by the AEC staff paper cited above.

To control and guide the actual conduct of the joint operation, the AEC
and NOD had the organizational relationship shown in Figure 1-2. As this figure
and its explanatory notes show, the Division of Military Application (DMAY and the
Arme d Forces Special Weapons Project (AFSWP) were the executive agents for the AEC
and DOD, respectively, which established the Navada Test Site (NTS&) as a joint
AEC/DOD operation. The AEC General Manager directed ALOO to appoint a Test
Manager and instruct him to conduct the operation. Overall directions to the Test ‘
Manager came from the AEC/DMA through ALOO. In similar fashion, the Chief of :
AFSWP instructed the Commander, Fieloc Command, AFSWP, to carry out the DOD mission :

and appointed the Deputy Chief of Staff, Weapons Effects Tests, AFSWP, to execute
the Field Command functions at the NTO. Chapter 2 will explain hoth taskings in
detail.
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PRESIDENT
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UNITED i
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- L AEC ADMINISTRAYIVE AND CONTRACTUAL CONTROL :

D OEXECUTINN (W F( A PRDGRAMY

NOTE THE DESERT ROCK EXERCISE DIRECTOR, WHO WAS

JESPOCNSIBLE FOR AL ACTIVITIES AT TARP DESERT
. ROCK, WAS ROT RESPONSIBLE TOTHE N EST MANAGER
INSTEAD, HE WAS RESPONSIBLE TO DOD. KIS CONNEC-
TiON WITH THE TEST MANAGER WAS ONE OF L1AISON
AND COORDINATION IN ORDER TO ENSURE THAT
DESERT ROCK ACTIVITIES DID NOT INTERFERE WITH
THE EXECUTION OF THE NUCLEAR EVENT

e tere N R

Figure 1-2. ORGANIZATIONAL CHART, OPERATION PLUMBBOSB.
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1.5 SETTING

Nevada was chosen as the site for nuclear weapons testing because it was
one of the least populated, largest, and most arid regions within the continental
United States. The Nevada Test Site* was located on iableland 4-5,000 feet ahove
sea level. It contained mountain ranges extending several thousand feet ahove the
plateau as well as dry alkalai flats. Vegetation consisted mainly of sagebrush
and other smali shrubs. The climate was desertlike and inhospitable: hot during
the day and cold at night with generally clear skies and slight rainfall or snow.

The site itself (Figures 1-3 and 1-4), if distinguished from the larger
military reservation later known as the Nellis Air Force Range and Nuclear Testing
Site, is a rectangular area toward the center of souihern Nevada. Its southeast
extremity is about 65 miles* northwest of Las Vegas (Figure 1-5). This map shows
two settlements at the site: Mercury ar.d Desert Rock, which housed the HTO and
EDR personnel, respectively. The peak population at Camp Mercury (in Area 23)
during PLUMBBOB was 3,500. The living area is a permanent installation,
registered with the U.S. Post Office as Mercury, Nevada. It was built by the
Atomic Energy Commission after Operation RANGER in 1951, the first use of the
Nevada Test Site. By 1957 sixteen dormitories, including two for women, and many
other buildings had been added.

A few niles to the southwest was Camp Desert Rock, a temporary base of
the U.S. Sixth Army out of Camp Irwin, California. Desert Rock was established to
accommodate troops during tests. The peak population of the camp during PLUMBBOB

was almost 5,009.

Weapons tests were staged considerably to the north of these living
areas. As listed in Table 1-1, there were 24 nuclear tests and six safety experi-

ments. The black triangles and circles on Figure 1-5 represent ground zero (GZ)

*Until 1955 the Nevada Test Site (NTS) was called the Nevada Proving Ground. It

covered atout 900 square miles of the Neliis Bombing and Gunnery Range and was
located in Nye County, northwest of Las Vegas. The site was operated by the
Atomic Energy Commission for the speeific purpose of testing nuclesr Weapons.
The nuclear weapons test functions of the AEC have been incorporated into the
Department of Energy.
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MERCURY HiGHWAY

|

& GZSAT WHMICH ONLY ONE
SHOT WAS FIRED

GLZS AT WHICH MORE THAN
ONE SHOT WAS FIRED

® - UNDERGROUND SHOT

R

BOLTZMANN
- FRANKLIN ‘
LASSEN ' CP1 @ N
WiLSON .
HO0D .
OWENS
WHEELER [N
CHARLESTON .

NORGAN :

PRISCILLA i
DIABLL :
JOHN ) Sty \ :ﬂ )

~ KEPLER
STOKES 1
DOPPLER

FRANKLIN PRIME
LAPLACE

NEWTON

SHASTA h
SHOKY '

GALILEC l 5
FIZEAU oo —— -~

RAINIER — IERCURY

WHITNEY

COULOMB A CAMP DESERT —
ROCK

FOOIECT 57
. t4g
"\/ VFGQSK

"OLES GZS ONLY

[ 3

'

T Mmoo
'

'

Frenchman Lake

]

PO Z XM XL -

!
~ |
i
!

NEVADA TEST SITE

NOTE THE ROUNDARY BETWEEN AREAS 1 & 3 AND AREAS 4 & 7 1S MERCURY HIGHWAY, THE NORTH.SOUTH
ROAD SHOWN TRAVERSING THOSE AREAS. THE BOUNDARY BETWEEN AREA 2 AND AREA 9 LIES ALONG THE
CENTER OF THE THREE ROADS SHOV'N,

Figure 1-5. NEVADA TEST SITE.
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Table 1-1. SUMMARY OF OPERATION PLUMBBOB EVENTS (1957)*

GZ Position

Planned Actuai Local NTS {Nevads Type Height of Actual
Shot Sponsor Date Date Times Location | State Grid) Burst (f0) Yield
PROJECT 57 AEC April 24 Apci2a | 0627PST | Acen13 Surtace 0 0
BOLTZMANN |  LASL May 15 Mayz | oamsPOT | awarc |FpSIBO L ower 500 12k7
FRANKLIN LASL May 24 wnez | osspor | AT | FOERE | Tower 300 140 1ons
LASSEN UCRL June 3 Junes | ouspor | A | N S | aaloon 500 0.5 tons
WILSON UCRL sune10 | June1s | oasspor | aesgsa | BESEE | ganoon 500 10KT
PRISCILLA | LASLDLS | June23 | sunezs | ossopOT | awar | BT 1 gatoon 700 3T
coutoma A | Last July 1 July 1 1030PDT | Area3 Surtace 0 0
Safety Experment {5-3h)
HOOD UCRL Suly 3 wivs | osgeor | AeaS | H-BBEE | gaicon 1500 7aKT
DIABLG ucal June 26 15 | omopor | AeaZ f NSRS | e 500 17KT
JOHN DOD July 19 suy19 | om0 PDT | aeaio | §UaE | Ao AT 18,500 <2KT
KEPLER LASL July 18 wiv2e | msopor | aeas | NI rower 500 10KT
OWENS UCRL ot 17 July 25 0630 PDT f;’;a? ': jg;ﬁ; Balloon 500 9.7KT
PASCAL A LASL July 26 say26 | ow00PoT | Areaz | N84z | sman - 500 shght
Sate.y Experment E - 654,790
STOKES LAsL July 30 Aug 7 0575 PDT f‘;‘_’_‘,’; : ) g;;;;; Balicon 1500 VKT
SATURN UCRL Aug 9 Aug 9 180C PDT Area Ut2c Turnet - 100 a
Satety br _erment

“Four satety experiments (PASCAL C, COULOME C, VENUS, anu URANUS} w xre ~onducted 3t NT3 for Project 58 hetween the end
of BLUMRRBOB testing in October 1957 and the stan of HARDTACK il in September 1368
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Table 1-1. SUMMARY OF OPERATION PLUMBBOB EVENTS (1957} (Continued)
& 1
A
i
b G2 Position
: Planned Actual Local NTS {Nevada Type Hsight of Actual
Shot Sponsor Date Date Time Location State Grid) Burst {ft} Yield
- Area 2 N - 865,030
* ASTA g
t 3 SHAS UCRL July 30 Aug 18 0500 POT 12a) E. 663322 Tower 500 17KT
’ Area 7 N - 851,125
f .
{» DOPPLER LASL Aug 19 Aug 23 0530 PDT (8.7b) £ - 687,533 Balioon 1500 11KT
PASCAL B LASL Aug 27 Aug 27 1535 PDT Area 3 N . 837,440 Shaft - 500 0.3KT
Satety Expenment (U-3d} E - 684,640
FRANKLIN LASL Aug 14 Aug 30 0540 PLT Area 7 N - 861,125 Balioor 70 4.7KT
PRIME {B-7b) E - 687,533
Area 8 N - 887,690
SMOKY UCRL Aug 28 Aug 31 0530 PDT (T-2¢) £ - 674,450 Tower 700 44KT
Area 1 N - B38,780
GALILEO LASL Sept 2 Sept 2 0580 PDT T-n E . 644,589 Tower 500 KT
Area 9 N - B6B.633 H
T g 1 !
; WHEELER UCAL Sept 6 Sept 6 0545 PC (B-8a) E. 682418 Balloon 500 197 tons i
couLomMB 8 LASL Sept 6 Sept 6 1305 PDT Area 3a N - 835,204 Surface ] 300 tons
Satety Exprnment {S-3g} E - 686,639
Area 7 N - B51,125
LAPLACE LAS, Sept 8 Sept 8 0600 PDY (B-7t1 £ . 687,533 Balloon 750 KT
Area 3 N - 831,773
o .
FiZEAU LASL Sept 11 Sept 14 0945 PDT (T-3b) E - 685.427 Tower 500 NMKT
I
, Area 7 N - B51,125 :
NEWTON LASL Sept 16 Sept 1€ 0550 FDT (8.-7a) € . 687.540 Baligon 1500 12KT
: Aea1z | N - 890571 ]
RAINIER UCRL Sapt 19 Sept 19 1000 POT U-1261 £ . 635,003 Tunnel - 880 1VIKT
- Area 2 N - BGS,283
WHITNEY UCRL Sept 11 Sept 23 0530 PDT .21 £ 660103 Tower 500 19KT
Area 9 N - 868,634
2, 4 . i
CHARLESTON UCRL Sept 23 Sept 28 0600 PDT (B-9a) E.682.418 Balloon 1500 2KT . !
]
Area 9 N 868,634 :
MORGAN UCRL Qct 3 Oct 7 0500 PST (8.3a) £ . 682418 Bailoon 500 BKT 1




locations used during Operation PLUMEBBOB. All were in the northern operational
areas except for shot PRISCILLA on Frenchman Flat in Area 5. The single shot in
Area 12 was RAINIER, an underground test. Safety tests are reported in a separate

volume,

*No single, standardized set of linear dimensions is used in this report. While
altitudes are generally given in feet, other distances may be in yards, meters,
or variations of either. This is because the test data is taken from original
sources and used exactly as researched. For those who desire different measures,
the following are conversion factors:

1 foot = 0.3048 meters 1 meter = 3.2808 feet
1 yard = 0.9144 meters 1 meter = 1.0936 yards

1 mile = 1.608 kilometers 1 kilometer = 0.621 miles
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CHAPTER 2
RESPONSIRILITIES OF ADMINISTRATIVE ORGANIZATIONS

The Atomic Energy Commission and the Department of Defense shared
responsibility for planning and implementing the U.S. atmospheric nuclear weapons
test program. The AEC was responsible for exploring and developing new areas of
nuclear weapons technology, while the DOD was subsequently to incorporate the

weapons into the U.S. military defense program.

The Nevada Test Organization under AEC, and Exercise Desert Rock VII and
VIl under NOD, were both organized to manage the many activities associated with
sore 30 nuclear tests of Operation PLUMBBOB. In addition to those personnel from
the DOD, participants included employees of other Federal agencies, research
laboratories, and private firms under contract to the Government, Department of
NDefense personnel participated in most of the activities conducted during this
test series. Chapter 6 of this report lists the chief organized military units
participating in the Mevada Test Organization and Desert Rock exercises during
Operation PLUMBBOR. However, appreciable numbers of military personnel came as
individuals or in small groups from a cross-section of U.S. military installations
and organizations. Overall, about twenty thousand Departmen! of Defense personnel
participated in Operation PLUMBBOB.

2.1 INTROLUCTION

The three main participating agencies in PLUMBBOB were the AEC, Federal
Civil Defense Administration (FCDA), and the DOD, which was represented primarily
by the Armwei Forces Special Weapons Project (AFSWP). Table 2-1 summarizes the

scientific programs conducted by these agencies at PLUMBBOB. Their responsibil-
ities were:
e AEC had direct authority to conduct nuclear

development tests and provided the staff for
detonating all the shots,

e The FCDA measured weapons cffects important to
the safety of civilians in the United States
during nuclear war.

e NDOD, in cooperation with the AEC, measured
weapons effects of military importance and
cor.ducted military training maneuvers.
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Table 2—-1.

SUMMARY OF SCIENTIFIC PROGRAMS AT PLUMBSOB.

SPONSORING PROGRAM PERFORMING PURPOSE
AGENCY NUMBER AGENCY
AEC 10-19 Los Alamos Weapons Development
Scientific Lab
21-26 Univ. of Cal. Weapons Development
Radiation Lab.
41 & 64 Sandia Corporation | Weapons Development
71-74 Project 57 Weapuns Devalapment
(Sandia) (Safety)
DOD 1-9 Field Command Weapons Effects
Weapons Test Group
(FCWT), AFSwp t
50 U.5. Army Weapons Effects;
Training; Opera-
tions; and
Observations
5 U.S. Navy Weapons Effects;
Training; Opera-
tions; and
Observations
82 U.S. Marine Corps | Weapons Effects;
Training; Opera-
tions; and
Observations
53 1J.S5. Air Force Weapons Effects;
Training; Opera-
tions; and
Observations
FCDA 30-39 Civil Effects Test | Weapons Effects
Group (CETG)* relative to Civil
Defense
*Tor details see Appendix A,
tThe U.S. Air Force was also involved in Projects 4.1, 39.5, and 39.6.
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Althouvgh AFSWP represented a major Department of Defense effort during Operation
PLUMBBOB, two other DOD agencies were prominent at PLUMBBOB: the Air Force
3pccial Weapons Center (AFSWC) and Exercise Desert Rock (EDR). Their

——— e~ v

participation is summarized as follows:

® AFSWC provided all air support for both AEC and !
DOD projects at the tests. In addition, AFSWC
flew cloud tracking and sampling mnissions,
security sweeps, and aerial surveys. AFSWC also
provided courier and sample return service, as
well as conducting air operational training
projects.

e Camp Desert Rock, under the command of the
Commanding General, U.S, Sixth Army, provided
the support troop and garrison quarters for
units participating in the Desert Rock
Exercises. These exercises consisted of
military troop maneuvers, technical service
projects, training, and indoctrination programs;
such DOD  activities were performed in
conjunction with the nuclear tests

Consistent with the operational directive from the AEC, the Test Manager
set up the Nevada Test Organization (NTO) at Camp Mercury as a "mutually
satisfactory joint organization" in collaboration with the DOD as represented by
AFSWP (Figure 2-1 and sez Figure 1-2). The NTO contained elements from the AEC

laboratories, from DOD lahoratories, the Services, and DOD agencies, and from FCDA

representatives. Necarby at Camp Desert Rock, the U.S. Army set up Exercise Desert h
Rock VII and VIII. This was a program of troop participation and observers in N
Operation PLUMBBOE. Participation of this operating group in NTO activities at
the test site, which was coordinated through the NTO Test Manager's Deputy for
Military Matters, was to be conducted during many of the weapons tests, but on a
non-interference basis. Except for this coordination, the two operating groups,
NTO and EDR (Exercise Desert Rock), were cssentially independent of each other.
In the following sections, the AEC and DOD components of the Nevada Test
Organization will be described together. The organization of Exercise Desert

Rock, because it functioned so separately, is discussed thereafter.
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Operational Directive

1.9 The WMarnpger, ALOC, by wamoransun gated Mprch 13, (957, ndrec?
“Diretiive fo- Qoerstion Pludbod’ . des jratec the AssigTant Mansger for Test
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TorMATION PeGArcTis IDETET 3n DeserT Rofr 4%¢ W 'eoyey Toyming ond Riserver
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as contgrmec -~ ADD 3408 ame
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§te Lo gawq ratatior from fallout, and

‘3T A Radrelogica’ Satery Critesis of 3 roentgens witMie gny
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Figure 2-1. TEST MANAGER’'S FUNCTIONS AND DUTIES.(260)
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2.2 AEC AND DOD COMPONENTS IN THE NEVADA TEST ORGANIZATION

The Test Manager appointed by the Albuquerque Operations Office of the
Atomic Energy Commnission was responsible for the overall direction of the PLUMBBOB
scries.  Because of their importance, his duties are listed in detail in Figure
2-1. In summary, his major taskings included planning for and execution of the
test shots and associated test programs, supervision of support efforts such as
radiological safety and communications, handling of public affairs (including

briefing of official observers and press releases).

The NTO contained clements from both the AEC and the DOD. Thus, AEC and
DOD personnel conbined to constitute the MTO's planning and advisory panels,
several staff and operations groups, and large functional components. Approx-
imately a thousand Department of Defense personnel were integrated into the NTO,
The relationship between the various coriponents of the NTO are illustrated in the
organization chart of Figure 2-2. Because Desert Rock functioned separately from
the NTO and its interactions were restricted to those not interfering with the
tests, it is not shown on Figure 2-2 nor is it discussed in this section. It must
be stressed, however, that Exercise Desert Rock was a DOD organization and was

responsible to DOD authority.

To fulfiil his wide range of responsibilities, the Test Manager had a

variety of staff support.

e The Planning Boarr consisted of the Test
director, who was a scientist, and representa-
tives from the primary organizations involved
these testing programs: Los Alamos Scientific
Laboratory, University of California Radiation
Laboratory, Civil Effects Test Group, DOD, and
the Sandia Corporation. The purpose of the
board was to consider proposed nuclear tests,
firing schedules, and the assignment of firing
areas to the participants.

e The Advisory Panel, comprised of individuals
with extensive weapons test experience, advised
the Test Manager, especially with regard to the
issues of safety and ramifications of executing
or delaying scheduled detonations. The panel
evaluated forccasts prescnted by the represcnta-
tives cf the Blast, Fallout, and Weather Pre-
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diction units. The panel also ascertained the
readiness of participating scientific, tech-
nical, and support personnel for a specific )
detonation. :

e The Test Manager's adninistrative staff included
assistants who worked on the dcvelopment of . -
plans, orders, and reports. This staff alse had :
financial management and sccretarial functions,

45 well as control of mail and records.

- ¢ The Test Manager's technical staff consisted of

i a number of individuals with special quali-

fications who had advisory, coordination,

liaison, and functional responsibilities in ;
relation to the Test Manager. Included on tne i
staff were individuals with responsibilities in ]
the areas of Rad-safe advice, genera! safety and !
fire protection, United States Public Health i
Service coordination, United States Geodetic i
Survey coordination. Civil Aeronautics Admini- l
stration liaison, classification, security, com- !
munications, and representatives of the AEC's
Division of Military .ipplications and Division
of Biology and Medicine. :

Scveral special operational units were included in the NTO: air sup- i
port, three prediction units, the Office of Test Information, FCDA Operations, and

DOD Operations Coordination.

e The Air Support Group in the NTO was part of the
4950th Test Group (Nuclear) of AFSWC, Kirtland
AFR., It was augmented by personnel and aircraft ) ;
from several commands in the Air Force. This '
group served as the focal point for all air
activity at PLUMBBOB. Its functions for the NTO
were to collect cloud samples for later analysis
following nuclear detonations, track radioactive
clouds as they drifted with the wind, provide
air shuttle service, and maintain air security.

In addition, the Air Support group assisted the
Test Director in Rad-safe surveys, aerial probe
surveys, rapid return of radioactive samples to
distant laboratories, photography, and other
special airborne missions. The 4935th Air Base
Squadron and Test Aircraft Unit were based at
Indian Springs (the principal forward base about
23 miles east southeast from Camp Mercury). The
Test Aircraft Unit inecluded the 4926th Sampling
Squadron plus elements from Wright Air
Development Center, Naval Air Special

i
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Veapons Facility, a cloud tracker unit, Air
National Guard clements, and the ‘tactical

helicopter element  which supported troop i
maneuvers. l
)l
! ® The three Prediction Units (for fallout, -

weather, and blast) provided technical support
i to the Test Manager and his Advisory Panel,
; These prediction units developed detailed,
i current information on possible effects of the
’,_ shot up to the last minutes bhefore shot time.
b This information allowed the Test Manager and

!
the Advisory Panel to assess possible onsite and
- offsite hazards before each shot.

e The Office of Test Information conducted a
program of public information for the tests by
reporting on the activities at PLUMBBOB and
inviting observers from the press.

e The Federal Civil Defense Administration
Operations Unit oversaw execution of the Civil
Effects Test Group test programs, assisted the
public information program, and conducted an
extensive observer program.

e The DOD Operations Coordination Group maintained
official liaison between DOD personnel and the
Test Manager In order to ensure that a'l DOD
training and observer programs, including those
of the Desert Rock Organization (described in :
Chapter 4) could be fitted into the overall 1 !
program of the operation without interfering ' '
with the technica! tests. It coordinated the )
operational training programs, military ob-
servers, and other DOD onsite activities with
AEC's Test MManager.

One major administrative entity was the AEC Support Group. This
provided radiological safety (Rad-safe) services at the MNevada Test Site through a !
contractor and was responsible for such functions as communications, e¢ngineering
and construction, security, transportation, management of Camp Mercury, and
control of the Visitors' Bureau. Its head, the AEC Support Director, also had the
responsibility for providing Rad-safe support and for ensuring radiclogical safety
il the Nevada Test Site. Since it coordinated contractor support, the group had
its own administrative section. Additionallvy, the DOD Support Director had
control of the Field Command Support Unit, whose mission was to provide

administrative, logistical, and peneral support to the Field Command Weapons Test

personnel who conducted the Armed Forces Special Weapons Project programs.
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The Test Director handled day-to-day operations. He was head of the
organization which actuallv fired tne shots and executed the programs and tests

associated with the shots. Ilis organization is illustrated in Figure 2-3. Six

m——

test groups were included within the organization. The DOD sponsored the Field

i
1
'
1

Command Weapons Test Group. The AEC sponsored the LASL, UCRL, Sandia Corpo-
ration and Project 57 programs. The FCDA sponsored the CETG programs. The Staff
Coordinator, Administrative Services, Planning and Air Operations, Construction,
Radiological Safety, Safety, and Classification (i.e., security) groups had
; functions mirrored by their designations. Because of its importance to the NTPR s
program, the Rad-safe group, including its organizational relationships, is

described and amplified scparately in Chapter 3.

The threec technical support groups in the Test Director's organizaticn

were:

. e The Assembly and Arming Group directly
' responsible fur the arming of the nuclear
device, and (in event of delay or misfire) the
disarming of the device. Operations began with
pre-dry run tests with ecach step highly
standavdized up to the final arming.

e A contract group from the Edgerton,
Germeshausen, and Grier, Inc. (EG&G) Support
Group provided precise timing and firing sig-
nals to the experimenters.

® The Sandia Support Group provided the balloons
and facilitiecs for the balloon shot=s and other
technical support functions. The Sandia
Corporation was responsible for suspending
nuclear test devices from balloons for 13 cf the
PLUMBBOB tests. Balicons were used insicad of
towers for scrme tests where air bursts at a
particular height of burst were desired without
the perturbation of outputs associated with the ¢
usc of the steel tower. This organization also
conducted fireball and nuclear environmental
studics.

o
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The Atomic Energy Commission programs were executed by the two AEC
design laboratories (LASL and UCRL) and by Sandia Corporation (an AEC lahoratory

coneerned principally with develonment of the firin
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devices). During the PLUMBBOB series, 16 of the devices detonated (including

safety shots) were of LASL design, while 13 were the product of UCRL. A
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Sandia-led task group conducted one plutonium-scattering test using part of a
LASL-designed warhead. Disarming procedures were necessary for shots CHARLESTON
and WHITNEY. Fach design laboratory was responsible for diagnustic projects
within the programs described in Chapter 3. These included the necessary
hydrodynamics, radiochenistry, and measurements of the temperature,
electromagnetic spectrum, neutron and gamma spectrum, and thermal spectrum
necessary to quaniify the nuclear reaction of each device. It must be stressed
that the primary purpose of the PLUMBBOB tests was to conduct scientific and
diagnostic tests which would evaluate and subsequently improve this nation's

nuclear arsenal.

Federal Civil Defense Administration studies were conducted by the Civil
Effects Test group (CETG), also a part of the Test Director's organization. CETG
projects involving DOD participation included fallout studies; biomedical aspects
of gamma and neutron radiation; blast effects on structures; biomedical effects of
blast; radiological contamination, decontamination and training; and instrumenta-

tion and support services.

Finally, the Armed Forces Special Weapons Project was responsible for
execution of technical projects through the Field Command Weapons Test group.
This was the primary DOD involvement at PLUMBBOB and some 45 AFSWP- sponsored
projects were pursued during the various PLUMBBORB tests (sce Chapter 3). AFSWP
was supported by the Field Command Support Unit (FCSU); this provided general and
technical support to the AFSWP activities and participating personnel during
Operation PLUMBBOE. Specific FCSU support functions included communications,

transportation, maintenance, supply and procurement, housing, and commercial
transportation.

2.3 DESERT ROCK ORGANIZATION

The Exercise Desert Rock troops--some six thousand in all--were present
at Operetion PLUMBBOB, through the invitation of the AEC. Desert Rock activities
were always contingoent upon prior approval by the Test Manager. The Test Manager
had final control over the planning and scheduling of nuclear events at Operation
PLUMBBOB. This included review and approval authority over sll assoriated program

activities at the Nevada Test Site. Therefore, in effect, he influenced Exercise
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Desert Rock activities as well. Operationally, however, Exercise Desert Rock VII

and VI1II had their own administrative structure as described later.

Exercise Desert Rock VII and VIII, sponsored by the Department of the
Army, involved an estimated sixteen thousand PROD participants in the orientation
activities, tactical troop manecuvers, and training tests conducted at Operation
PLUMBBOB. In addition, about two thousand DOI personnel were required to
administer Camp Desert Rock and support the exercises. For these Desert Rock
exercises, the cverall responsibility for supervising Army, Navy, and Air Force
participants bhelonged to the Desert Rock Exercise Director. The Commanding
General, Sixth U.S. Army, was designated to fill this role. His chief aide, the
Deputy Exercise Director and Commander of Camp Desert Rock, was directly
responsible for conducting the exercise. This position was filled by Commanding
General, Camp Irwin, California. Although Exercise Desert Rock functioned
separately from the NTO -- indeed, it provided its own Radiological Safety program
-- operations of both EDR and NTO personnel depended completely upon the NTO Test

Manager's shoot/no shoot decisions.

The Department of Defense was permitted to conduct adjunctive exercises
on a non-interference basis at 24 of the PLUMBBOB events. These Service-oriented
projects were done by personnel stationed at Camp Desert Rock and consisted of
Exercises Desert Rock VII and VIII. These provided military maneuvers, troop
orientation and training; technical service projects conducted by the Army's
technical branches; and air and ground operational training precjects conducted by
each of the military services. Also included was the orientation, training and
maneuver participation by elements of the Canadian Army and Air Force. Troop
involvements of primary interest included a U.S. Marine Corps manecuver at shot
HOOD and Army maneuvers at shots SMOKY and GALILEQO; these are reported in

individual shot volumes.

As shown in Figure 2-4, the Director for Desert Rock exercises VII and
VIIl was the Commanding General, Sixth Army. He was responsible for supervising
and coordinating the Services participation in the Desert Rock Exercise. He also
provided operational control as well as administrative uand logistical support for
Exercise Desert Rock troops and observers. As noted in item "n" of the directive

to the Test Manager (Figure 2-1), the Desert Rock FExercise Director was
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responsible for the safety (including radiological safety) of all troops, troop
observers, and DOD personnel within areas assigned to him. This responsibility
did not extend to the UDOD personnel attached to the AEC or AFSWP nor did it
include Air Force personnel supporting the AEC and DOD projects since those

personnel operated under the Test Manager.

Directly under the Exercise Director was the Deputy Exercise Director,
who was the Commanding General of Camp Desert Rock (CDR)*. He was responsible for
coordinating and managing the activities of both the permanent party and the
transient personnel at Camp Desert Rock. Together, the permanent party and
transients accounted for about ten percent of Desert Rock personnel at the test
site during Operation PLUMBBOB.

Elements of the permanent party were those usually present to plan,
conduct, and evaluate tactical maneuvers. (Sec Figure 2-4 for the planning staff
and the control and evaluation group). In addition, all the Camp Desert Rock
garrison units were included as part of the permanent party. Chapter 6 lists the
chief units garrisoned at Desert Rock in support of the transient personnel.
Throughout Operation PLUMBBOB, the support troops resided at Camp Desert Rock,
located just south of the Nevada Test Site. These personnel provided a number of
services to the exercise troops including security and law enforcement,
radiological safety, medical care, communications, transportation, engineering,
mess, mail, and laundry. (Conversely, exercise troops, who were assigned to Camp
Desert Rock for periods of a few days or a few weeks to participate in a

particular program, left when their participation was complete.)

There was a shortage of support troops. At no time during the
activities did the actual strength of these troops reach the authorized level.
Some of the troops had only 30 days or less of military service remaining upon
arrival at Camp Desert Rock. This situation created a continual flow of
individuals being returned to their stations for release from the service. This
turnover in personnel resulted in long hours and work weeks for some support
troops, degraded efficiency of operations and created a shortage of enlisted

specialists.

*EDR or Exercise Desert Rock refers to the operational command. CDR or Camp
Desert Rock refers to the garrison location.
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Transient personnel generally fell into one of four groupings: troop
mancuver elements, troop observers (as part of the indoctrination program), those

working on technical service projects, and those involved in training projects.

The exercise troops for the Troop Manecuver Element included: .

e A reinforced Infantry Company from the 1st .
Battle Group, 12th Infantry Regiment, 4th ;
Infantry Division, Fort Lewis, Washington (Task
Force Warrior), which participated in Project
50.1, Army Troop Exercise :

e
: e The 4th Marine Corps Provisional Atomic Exercise }
Brigade, which participated in Project 52.1, |
USMC Troop Exercise ‘

e Provisional Company, 82nd Airborne Infantry
Divisicn, which was tested to dectermine sol-
diers' psychological reactions to nuclear war-

fare

e The 3rd Transportation Battafion, which provided
helicopter support

e The 506th Pathfirider Unit, which was attached to
the 3rd Transportation Battalion, provided
air-landed reconnaissance and Rad-safe mcnitor-
ing.

Personnel selected to participate in the Troop Observer Indoctrination

Project (Project 50.2) included the following:
e Troop, aircraft, and ship commanders

e Staff officers whose duties would require
p familiarity with the employment of nuclear
weapons

& Members of fire support units who would plan the |
cmployment of nuclear weapons.

Technical Service Projects (Projeets 50.3 through 50.8) were manned by :

Technical Service Project Personnel provided by the Department of the Army. f

The Training Project involved the training of chemical, biological, and

radiological (CBR) defense teams. Training was provided to the foliowing major

elements:




Permanent party

Sixth U.S. Army CBR Survey Teams
4th Marine Provisional Brigade

2nd Battalion, 5th Marine Division
Infentry Battle Group

Canadian Infantry (Queens Own Rifles)

XVII Airborne Corps Pathfinders

Atomic Energy Commission personnel.
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CHAPTER 3
RADIOLOGICAL SAFETY AT OPERATION PLUMBBOB

3.1 INTRODUCTION

This chapter describes the radiological safety (Rad-safe) operations
carried out at PLUMBBOB. For a compiete understanding of this chapter, the reader
must be familiar with the concepts involved in protecting personnel against the
hazards of nuclear radiation. hile this chapter gives an overall description of
Rad-safe for the AEC and DOD, details of how Rad-safe procedures were implemented,
as well as how exposure may have occurred are given for each program in the

chapters whicn follow.

The AEC was responsible for radiological safety at the NTS. As part of
these duties, the AEC defined permissible radiation exposure levels and instructed
the NTO Test Manager to implement the Rad-safe program necessary to comply with
these levels. Some 30 shots involving nuclear devices were planned for Operation
PLUMBBOB. Each shot with significant nuclear yield could produce one or more
radiological environments: initial nuclear radiations from the burst, neutron

induced soil activity surrounding GZ, and fallout of radioactive weapon debris.

The radiological safety mission, simply stated, was to ensure thet no
individual on site or off site, received radiological exposure from the test in
excess of the defined safe levels. Authorized exceptions were to be the very

minimum thst sighi L. =ccdad to achieve the objectives of Operation PLUMBBOB.

The general plan for Rad-safe operations consisted of four main
elements. First, an education and training program was implemented to inform all
participants of potential radiological hazards and of the means available to avoid
them. Seccad, all sources of contamination were to be identified and clearly
marked to be easily recognizable. Access to them was (o be controlled by physical
means such as checkpoints, moniters, ete. As part of this latter activity,
routine surveys of living and working areas at the NTS were to be made to ensure
that contamination was not spread to these areas. °|hird, all personnel movements
on site were to be monitored and controlled as to the proximity to and time spent
in radiation areas. This personnel movement control was critical at shot times

for other than Rad-safe reasons, namely, to avoid other weapon effects such as
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blast and heat., Fourth, the integral dose received by onsite participants (and a
representative fraction of the offsite population) was measured by film badges and
the results routinely monitored by responsible supervisors to ensure that the
cumulative total dose of each individual did not exceed the permissible level as

the operation progressed.

It is important to note that, as described in Chapter 1, DOD personnel
participated heavily in both NTO and EDR operations. In the NTO, under AFSWP
sponsorship, they performed many tests as the DOD Test Group (FCWT) and the DOD
Test Support Group (fCS8U). Under AFSWC, which was also under the NTO, they
carried out airborne test operations. The radiological safety for all these
personnel was the responsibility of the NTO, In addition, DOD personnel were
assigned to other WTO units as participants in test groups, such as that of the
Los Alamos Scientific Laboratory (LASL), CETG, etc., and to support groups, such
as the Weather Prediciion Unit., In Exercise Desert Rock, on the other hand, DOD
personnel took part in training maneuvers and rehearsals and as observers. For

these activities, EDR provided Rad-safe services.

Throughout the years of testing, the NTO Rad-safe program had been
developing to cover the variety of activities involved in nuclear testing (i.e.,
recovery operations, offsite surveys, air flights, ete.). The EDR program
originated concurrently with and was modeled very closely on the NTO program. The
similarities will be clear in the program descriptions which follow; some
differences, which arose from specific needs, will be noted.

The preceding remarks apply to onsite Rad-safe. Offsite Rad-safe was
the sole responsibility of the NTO.* DOD programs involving offsite activity were
minor, as was the involvement of DOD persus.nel.

*"(Onsite” was considered to be the total Nevada Test Site; "offsite™ was the area
outside the Nevada Test Site and within a 250-300 mile radius of the site: this
also included Camp Desert Rock itself. 3:255
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3.2 AEC/NTO RADIOLOGICAL SAFETY AT OPERATION PLUMBBOB

3.2.1 Radiological Safety Standards

The Rad-safe criteria used on site during PLUMBBOB were recommended by
the AEC's Division of Biology and Medicine {DBM). The criteria, as quoted in the
Test Manager's Report (260), were as follows:

e Gamma: a maximum of 3.0 roentgens (R) for any

consecutive 13-weck period, and 5.0 R
for one calendar year.

e Alpha: a maximum of 10,000 units for any
consecutive 13-week period. ("Units”
are computed by multiplying the average
air concentration, exciuding natural
background, in the area of exposure, in
units of alpha disintegrations per
minute per cubic meter, by the hours of
exposure when no protective respiratory
equipment is worn.)

These criteria, in essence, were the same as those recommended by international

and national committees (ICRP, NCRP*) at the time.

3.2.2 Organization of NTO Radiological Safety Programs

The responsibility for Rad-safe programs during Operation PLUMBROB was
defined in the 13 March 1957 memorandum designating the Test Manager (260) (Figur:
2-1). Articles k,l,m,n,s,v, and w of the memorandum are specifically concerned

with radiation contamination and safety.

The Test Manager had both onsite and offsite radiation safety
responsibilities.  On site, the Test Manager was required to implement Rad-safe
directives for all personnel, excluding Desert Rock troops, troop observers, and
other Desert Rock personnel who were within the area that the Test Manager
assigned to Exercises Desert VII and VIII. With regard to the Desert Rock

personnel, the Test Manager was responsible for the issue of NTS security and film

*International Commission on Radiological Protection and National Council on
Radiation Protection and Measurements, respectively.
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badges to Desert Rock persconnel during times they were not participating in Desert
Rock exercises. Figure 3-1 is =a

chart illustrating his organization for

radiological safety.

—

Off site, the Test Manager was responsible for protecting the public in
fallout areas and for keeping the AEC Division of Military Application (DMA) and

Biology and Medicine (DBM) current on all radiclogical information. The Test

AEC Support
Director, who was supported in this task by the Public Health Service, Reynolds

Electrical and Engineering Co., Inc. (REECo), and other agencies.

s A
.

Manager delegated offsite radiclogical safety operations to the

AEC TEST MANAGER RAD-SAFETY ADVISOR

—

TEST DIRECTOR

I 1

AEC SUPPORT DIRECTOR

i o Gl

{SENIOR USPHS OFFICER)

——— LIAISON AND COORDINATION

Figure 3-1. NTO RADIOLOGICAL SAFETY ORGANIZATION.
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In matters regarding radiological safety, the Test Manager's key man was
his Rad-safe advisor who was responsible for executing all radiological safety
policies on the test site. During operational periods of PLUMBBOB, such as the
preparation for executing the tests, Rad-safe responsibilities in the testing
areas of NTS were delegated to the Test Director. The Test Director assigned Rad-
safe responsibility for each of the six test groups to the directors of those
groups. Each of these, in turn, appointed a Rad-safe officer for their group and
these later worked with the Test Director's Rad-safe Officer. The Test Director's
Rad-safe Officer was thus directly responsible for the operational control of
radiological safety.

AEC's Support Director was responsible for providing the Rad-safe
support services such as monitoring and air sampling. These were provided through
a contract with REECo. The AEC Rad-safe Officer coordinated all Rad-safe support
services for the Support Director. In addition, this Rad-safe officer was
responsible for a downwind, low-level terrain sweep of the predicted fallout area
prior to each detonation. He was also responsible for the personnel of both the

Support Director and the contractor.

The 4950th Test Group (Nuclear), AFSWC, organized its radiological
safety operations as part of the NTO, but most of this group’s activities were
based off the test site. Therefore, in addition to providing and processing film
badges, REECo provided considerable support, including Rad-safe support for
helicopters. REECo Rad-safe also provided training at Indian Springs Air Force
Base, in observer areas, and during Rad-safe courses at the NTS. The 4950th Test
Group itself provided the remaining functions (monitoring, decontamination, etc.).

Figure 3-2 shows how these functions were organized (also see reference 3).

3.2.3 Onsite Radiological Safety Procedures and Operations

This section describes how the essential onsite Rad-safe functions were
conducted: personnel education, identification of contamination sources, control
of personnel movements, and dose control by film badge (260; 334). Except for
control of personnel movement, AFSWC Rad-safe procedures were included in those

described in this section. A special discussion of AFSWC is coptained later in

this section to explain that difference.
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Figure 3-2. AFSWC RADIOLOGICAL SAFETY ORGANIZATION.
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Education and Training. Although many of the NTO personncl,

particularly in thc test groups, were technically trained and well-informed on
radiation hazards, others were not. Thus, new employees, touring groups, and
official observers received Rad-safe training and indoctrination in courses
lasting up to two wecks. In addition, three-day monitoring courses were ¢iven,
and a training manual was distributed. A total of 3,300 NTS personnel attended
these lectures during PLUMBBORB.

Radiation Arcas. Radiological exclusion (Radex) areas were defined as
follows (334):

e Full Radex: An area with radiaticn
greater than 100 mR/h* gamma

e Limited Radex: An area with radiation intensity
between 10 and 100 mR/h gamma

e Non Radex: An area with a radiation
level of less than 10 mR/h in
which no alpha contamination
hazard exists

Full and limited radioclogical exclusion areas were datermined through
surveys of the forward areas of NTS. These surveys were accomplished as follows.
Prior to Operation PLUMBBOB, shot areas were re-surveyed and re-mapped to show
existing roads. Radial roads at or near ground zerc were used to determine
radiation dose rate contours in cach test area. New roads were added in those
areas where suitable roads did not exist. The 5,000-foot Nevada Grid Coordinate
System was used to locate survey stakes in the test area prior to the operation.
These stakes were used as reference points for preparing Rad-safe maps of the
entire test area. Stakes were placed on the radial roads at half-mile intervals
from cach ground zero. Plotting facilities were established at CP-1 and CP-2t for
simultaneous plotting of dose rate contours after each detonation. Prior to each
detonation, the monitoring branch leader briefed Rad-safe initial ground survey

teams on the expected fallout pattern. Four two-man teams were responsible for

*mR/h = milliroentgen per hour.

tCP-1 and CP-2 were the NTS shot control point and Rad-safety buildings located
just off Mercury Highway ncar Yucca Pass.
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obtaning the information necessary to plot the dose rate contours after each

shot.

The Rad-safe initial ground survey teams entered the test areas
as carly as safely possible after each detonation. Theyv used both racdio-equipped
vehicles and helicopters to determine how far the reference stakes were from the
10, 100, and 1,000 mR/h lines. The information was transmitted by radio to CP-1
and CP-2 where the dose rate contours were plotted on pilastic overla, maps.
Special readings above 1,000 mR/h or at specific locations were obtained as
requestea by the Test Director or by experiment recovery parties. A roving tcam
monitored radio transmissions, maintained contact with each survey team, and if a
vehiele failed, transported survey personnel from radiation areas. (Dose rate
contours prepared after each shot in PLUMBBOB are given in the pertinent shot

volunes.)

in genersl, all personnel were permitted to enter and to work in non-
Radex areas (i.e., less wv.an 10 mR/h) at ail times without monitors as long as
film badges were worn. Individuals who worked for long periods in such areas ac-

cunmulated soric whole body gamra dose, but this was measured by their film badges.

Air samples and fallout trays were used to measure the levels of air
borne radioactivity and the amount of fallout deposition, respectively. The
results of these measurements, particularly for alpha radiation, are given in the
mndividual shot reports. (The extensive air sampling and fallout tray

measurements of Project 57 will be discussed in Chapter 5.)

In addition to thesc controls of weapon-produced contamination, the Rad-
safe orpanization maintained a radioactive source registry for all other sources
brought on tne test site. The same radiological satety procedures controlled

possible exposure of personnel to these sources.

Control of Personnel Movement Onsite. Forty-eight hours before a

firing, the shot area was cleared and clused, Check stations were set up on roads
leading into the arca where nersosns required to nuske final preparations for the
shot were mustersd in and out by usce of specially logged vadges. These persons
e cded, for erample, the assombly and arming team and the security guards. This

procedure was usco to ensuare that no one was loft in the test area at shot time,
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After the shot, eniry into contaminated aress was controlled for the Test Director
by REECo Rad-safe (called the Rad-safe Division during PLUMBBOB). No individual

was permitted beyond the Rad-safe chcckpoint without a proper access permit stat- i
ing the purpose of entry and the precise location for activities related to entry. ;
Continuing limited Radex area cards were issued to individuals who required 4

frequent entry into limited Radex aress. The cards were valid until the individ-
ual exceeded an exposure of 2 R. Al groups entering full Radex areas were accom-
panied by a certified monitor. Projects were generally required to provide their

own monitors; however, if project monitors were unavailable, REECo supplied them,

After being issued access permits, personnel were briefed on the radio-
logical conditions in those work or observation areas that they intended to enter.

They were also advised on the anticontamination clothing and equipment required.

e i+ me————t——

Anyone entering a full Radex area was required to wear complete anti-
cantamination clothing. REECo determined the clothing to be worn in a limited
, Radex area on the basis of the particular demands of a mission. All necessary

equipment (i.e., instruments, clothing, respirators, film badges, and dosimeters)

were obtained from the Rad-safe building (CP-2) located at the control point. i
Despite these precautions, problems did occur during post-shot surveillance of
contaminated areas, primarily because clearance of a party by a specified route
did not always ensure the movement of the party. For example, individuals cleared

for entry might be curious and might not always fully appreciate the potential

radiation hazards. Consequently, a roving monitor assigned to each area obscrved

the activities of all persons within his area to ensure that no one strayed from
the specified route. These monitors also made sure that radiation warning and
dose rate signs were posted properly by replacing stake-type signs with sawhorse-
type signs and moving the sawhorse signs daily as radioactivity decreased (due to

decay) or increased because of new contamination.

i Rad-safe moniters conducted resurveys of shot areas several days after
the shot and periodically thereafter. The isodose rate contours determined in

this way are reproduced in the individual shot reports.

In addition to the Rad-safe facilities at CP-2, temporary facilities
were maintained in Area 13 and at Frenchman Flat as a matter of convenience while

these areas were under Rad-safe control. Hence, test personnel working in these
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areas could enter the areas without first traveling CP-2 to pick up their pro-
tective clothing and equipment.

Post-shot regulation of areas were conducted in the following manner:
entry was not permitted until such time following the burst when it was determined
that controlled access to the shot could be re-established except in specific
cases determined ahead of time. Contaminated area control stations were
established on the .ain access roads to the test areas outside the 10mR/h lines to
control personnel movement in and out of the area. The primary check stations
were mobhile house trailers equipped with radios, radiation detection instruments,
and other Rad-safe equipment. S8igns were posted on frequently used back roads
directing personnel to enter and exit through the check stations. "Contaminated
Material" stickers, attached to all vehicles entering the Radex areas, were
removed only after monitoring checks showed that the vehicles were not
contaminated. All materials taken from radiological exclusion areas were
monitored., If they were found to be contaminated (i.e., greater than 7 mR/h
reading), "Contaminated Material” stickers were attached to them. Personnel then
took the materiais to the CP-2 area for decontamination. Personnel returning from

ladex areas were routinely monitored and decontaminated when necessary at CP-2.

Tahle 3-1. AFEC and Desert Rock Decontamination Criteria.

Vehicles: 7 mR/h (gamma) outer surface
7 mR/h (beta + gamma) inner surface

Personnel: 7 mR/h (beta + gamma) on protective clothing
1 mR/h (gamma) on surface of skin or
underclothing

Vehicles leaving contaminated areas were monitored and deconiaminated if
the radiation levels were greater than 7 mR/h (gamma) on the outside of 7 mk/h

(gamma plus beta) on the inside. (Decontamination facilities were located east of
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CP-2.) Vehicles and equipment were decontaminated with vacuum cleaners, high
pressure water, and detergent mixtures. Those unsucces.fully decontaminated were
placed in a "hot park"™ next to the facilities until norm:]l decay reduced their
contamination to the required level.

Personnel leaving contaminated areas were monitored and decontaminated
by showering when radiation exceeded 7 mR/h (beta plus pamma) on protective
clothing or 1 mR/h (gamma) on the skin surface or underclothing. Contaminated
clothing was washed at the CP-2 laundry facilities. Clothing highly contaminated

with alpha-emitting material was sealed in plastic bags and buried in the contam-
inated waste area.

Control of Personnel Movement, AFSWC., Because AFSWC activities by their

nature differed from activities on the ground, AFSWC Rad-safe procedures and

operations differed from the norm for control of personnel movement. AFSWC (the
4950th Test Group) personnel were subject to the NTO radiological safety criteria
and procedures. However, because AFSWC air activities were based off site for the
most part, their administrative procedures differed in some details. In addition
to providing tilm badges* and reporting film badge readings, REECo also provided
advisory support and normal reentry support in the NTS forward areas for
helicopters on official reentry missions. AFSWC procedures are described in

reference 3; relevant extracts are given below.

e The arrival or proposed use of radicactive
sources in any 4950th controlled s&rea was
reported to the Nuclear Research Officer (NRO),
4950th TG (Nuclear).

e Contaminated containers for radicactive materi-
als and equipment leaving Indian Springs Air
Force Base (ISAFB) (other than those escorted by
courier) were decontaminated, packaged, moni-
tored, and properly labeled.

e All radioactive samples and materials removed
from ISAFB by courier aircraft were packaged and
loaded to minimize the radiation intensity. The

*Although most film badges provided by REECo were for gamma only, neutron film
hadges were used for air delivery crew on shot JOIN. Subsequent to this use,
REECo provided neutron badges for the air crews in the effects projects (Program
5). These hadges were processed and interpreted by UCRL.
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loads were clcared from a Rad-safe viewpoint by
competent authority. The following criteria
determined the loading requirements:

P

- Anticipated future exposure of aircraft i
personnel :

- Length of exposure during flight

- In no case were the crew or passengers to be ;
exposed to a dosage rate of more than 20 mR/h
during flight

e To minimize internal hazards, all personnel
- handling radioactive samples or contaminated
equipment in an enclosed space, or under other
conditions producing heavily contaminated air,
were to wear respirators.

e Eating, drinking, smoking, or chewing gum in a
coniaminated area, or when working with
contaminated materials, was forbidden.

e The total permissible integrated gamma radiation
dose for personnel involved in the operation was
3.0 R for any given 13-week period and no more
than 5 R per year, unless otherwise specified by
proper authority.

In addition to providing for operational procedures, the operation plan

included the fcllowing training requirements:

® Personnel designated as radiological monitors
S were to be trained in compliance with existing
Air Force technical orders and regulations.
Personnel, such as Air Force participants in
Project 39.5 and 39.6 who had been trained in an
approved course prior to operations were
considered qualified, subject to review and ap-
proval by the NRO, 4950th TG (N). All other
individuals designated as monitors were trained
] in the Rad-safe monitor's course presented
by the 4926th Test Squadron.

e FEach project officer or test aircraft unit was
responsible to ensure that all pariicipating
personnel were briefed, prior to the test, on
the general and specific radiological problems
involved in their operations. They also ensured
that their personnel were kept abreast of any
changes in the radiological situation that might
have occurred during the test series.
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Specific procedures for handling radioactive contamination plus
recovering and returning radioactive samples were provided for in the 4950th TG
(N) Operation Plan 1-57. Because of its importance, the plan's special procedures
for contaminated aircraft are guoted in their entirety (Figure 3-3). Special
procedures were also aqeveloped 1in the event of accidental radiological

contamination of Indian Springs Air Force Base (3).

Dose Control by Film Badge. All NTO personnel and some official

observer groups, with the exception of Desert Rock personnel, were provided with a
charge-a-plate* and a film badge. The film badge was attached to the security
badge which was to be worn at all times, Different colored tape was attached to
the film badge each month to allow for easy and rapid determination of valid film
badges. Badges were exchanged on a monthly basis or upon return from a mission
in a contaminated area. Federal Services Incorporated (FSI)t guards assisted in
the film badge program by checking all personnel prior to entry into forward areas
for possession of a valid film badge. ADP cards corresponding to numbered film
badges were stamped (using the individual charge-a-plates), at the time of film
badge issue. The cards were used to tabulate all individual dosages and to

prepare the following reports:

Daily dosage
Weekly summary
Quarterly summary

Daily over 2 R

Weekly over 2 R

The various dose reports were used by NTO supervision to control each
individual accumulated dcse. The weekly summary reports at the end of the
operation listed the accumulated exposures of more than 9,000 personnel. Records
of all NTO-PLUMBBOB film badges and running totals for each participant are
presently available at the NTS office of REECo, Las Vegas, Nevada.

*A "charge-a-plate"” is a metal tag bearing a person's name and other identifying
information.

tFederal Services Inc. was an AEC contractor providing security guard services.
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(ApPENDIX U4 TO ANNEX F OF OPErATIONS PLAN 1-57)(3) -

i 1. GENERAL. :

b E This Appendix presents special instructions for the regulation of
t ; contaminated aircraft.

F 2. PROCEDURES.

a. All aircraft participating in the test array and staging from other than : t
ISAFB or KAFB will be monitored at their home stations and allowed to decay
. and/or will be decon.aminatad in accordance with the policies of their parent
: commands. Sound principles of radiological health should be followed to insure
that air and ground crews are not exposed to unnecessary dosages of ionizing
radiation, in ny case %¢ more than 3.0 r, unless specifically authorized to
exceed this level,

i g Wt LSRR L

b. Aircraft staging from ISAF3 will be allowed to decay and/or will be
decontaminated in accordance with the procedures established by the Commander,
Test Aircraft Unit. (Reference F, paragraph 6[1] [a].)

c. Aircraft staging from KAFB: -

{1) Will be mori‘ored upon landing by the Base Passive Defense Unit in i
accordance with pertirent regulations. ;

. 127 txcept as otherwise required by operational contingencies, aircraft
contaminated n excess of 50 mr/hour gamma measured at six inches from exterior - :
surfaces of the aircraft, engine nacelles, jet intakes, dive brakes, etc., or so
contaminated that *he jamma radiaticn intensity inside the cockpit or any crew
compartment s in excess ¢f 20 mr/hour, will be allowed to decay until these
allowable criter:a are met and will be marked with staidard radiation warning
signg until they have decayed to 7 mr/hr or less 4t six inches from the

surface.

PP CA L R

‘3) If the monitor on board the cloud tracker aircraft determines that
the gamma Sackground 1n the crew compartment 15 in excess o€ 50 mr/hour after
the ¢loud tracking is concluded (i.e. he determines that the aircraft is in fact
contaminated such that the crew is being esposed to 50 mr/hour or greater), he
will so inorm the pilot and the pilot will proceed to ISAFB for landing. The
atrcraft will then be allowed to decay and/or will be decontaminated as 4
B required. B

v
"
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d. In all cases, flights and ground maintenance of contamina.ed aircraft
will be programmed so “hat aircrews 2nd ground personnel are not exposed to
dosages in excess of 300 7r per week (exclusive af dosages which may be received
“n future m1ssians). In no case will an individual bHe permitted to accumulate
=ore than 3.0 r 'n any jiven l3-week period or more than 5 » in any year while
sarticipating n or :n sucport of Jperation PLUMBBCB unless special permission
nas been nbtained through aroper Air Force and Test Jrganization channels.

3. REFERENCES.

-

3. Air Force

o b P 5

&

echnical Crders 'n the J00-110A Ser:es.

s

b

Figure 3-3. SPECIAL PROCEDURES FOR CONTAMINATED
AIRCRAFT.




3.3 DESERT ROCK RADIOLOGICAL SAFETY AT OPERATION PLUMBBOB
3.3.1 Radiological Safety Standards i

The DOD radiation safety criteria were (200):

e Whole body gamma exposure is limited to 5
rocntgens at any one test, of which no more than
2 R would be from prompt radiation.

e e e v
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e No individual is to receive more than 5 R in any
6-month period.

e Limits on other forms of radiation, alpna, beta,
neutron, will be included at such time as the
AEC prescribes these. (The AEC did prescribe a
limit on alpha radiation, as noted in Section
3.2.1. Reference 200 does not specifically men-
tion this limit on alpha radiation.)

These criteria, while similar to those of the AEC, are not the same,
For example, while the AEC limit is 5§ R in any calendar year, the DOD limit was 5
R in any six~month period. The relationship of AEC and DOD limits had been

discussed in the final report of an earlier exercise, Desert Rock IV (19532). In

that exercise, Rad-safe for Desert Rock troops was the responsibility of the AEC .
and the limit was 3 R in any 13-week period. The final report recommended that i
the limit for Desert Rock troops be increased in future exercises. The reason
given was that the short period of time spent by Desert Rock troops at the test i
b site relative to time spent by other test participants such as AEC or AFSWP
personnel would, in effect, limit Desert Rock troops to a lower totai of radiation
than that received by other test participants, and unduly hamper Desert Rock
operations. Consequently, the DOD limit was changed to 5 R in any six-month
period for Desert Rock VII and VIII. Because Desert Rock troops participated in
only one operation during 1957, this limit did not constitute an increase in the
annual allowable dose accepted by the AEC; the troops were not expected to remain
at NTS more than six months and were not usually engaged in acrivities where they
could be cexposed after their Desert Rock assignments. However, 1t permitted

accumulation of this dose over a shorter period and permitted greater flexibility

in the employment of mancuver forces.




| 3.3.2 Organization of Desert Rock Radiological Safety

The Director of Exercise Desert Rock was responsible for the
radiological safety of participants in the exercise projects and maneuvers and for
those support personnel stationed at Camp Desert Rock. ‘This responsibility was

. clarified in the memnorandum of instructions to the AEC Test Manager (Figure 2-1).
Article "n" of this memoranduim states the Exercise Director's responsibility and,
in addition, requires the Test Manager to report to the AEC's Division of Military
o Application any Desert Rock programs that "appear to the Test Manager to

- jeopardize unduly participating personnel,”

The following procedure was used at the NTS for Desert Rock onsite
activities. The Exercise Director’s Chief of Operations submnitted plans for a
given Desert Rock project to the AEC Test Director for review. After review and
resolution of any conflicts, the Chief of Operations prepared a detailed oper:iting
plan and submitted it to the Test Manager for approval. if approved, the
operation plan would become the Desert Rock Operation Order and its execution
would be monitored by the Test “Manager's DOD Coordination Group. Thus, the
operating plans and orders contained detailed Rad-safe plans. In this way the two

organizations tended to coordinate their Rad-safe activities.

While onsite radiological safety was implemented as deseribed above, no
evidence yet shows that Desert Rock Rad-safe personnel performed appreciable
monitoring or survey duties, other than for training purposes, during
nonoperational periods between shots. Thus, the principal difference between the
NTO and the Desert Rock radiological safety programs was that the NTO's program
. operated continuously while the Desert Rock program (except for film badging) only

covered activities associated with a planned exercise.

The organizational chart for Excrcise Desert Rock (Figure 2-4) shows the
Radiological Safety Section for Camp Desert Rock under the S-3 (Operations
Office). In the Army, radiological safety is a funetion normally performed by the
chemical staff element of the headquarters. Carp Desert Rock was not an exception
gince the Chen was in charge of the Radiclogical Safety Scetion, This

section conducted the radiological safety program fer all Camp Desert Rock

operations, trained project and support personnel as radiological rionitors, and
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provided radiological survey training for Chemical, Biological, and Radiological
(CBR) survey teams,

3.3.3 Onsite Radiological Safety Procedures and Operations (208; 169)

Criteria for Positioning Troops and Observers. This was carefully

determined well ahecad of time. Standards developed for continental atomic tests

were (200):
® Overpressure: three (3) pounds per square inch.

e Muclear radiation: five (5) roentgen equivalent
marmnal (rem) at any one test of which no more
than two (2) rem is prompt, whole body radiation
provided further that no individual will receive
more than five (5) rem in any six month period.
(Exposure refers to gamma only. As long as
limit of 5 rocntgens gamma is observed, alpha,
beta, and neutron radiation will not be included
until such time as AEC may prescribe safety
criteria for one or more of these last three.)

e Thermal radiation: two-thirds the calories per
square centimeter (2/3 Q) necessary for a first
degree burn on bare skin.

For tower or balloon shots, the criteria were (from intended GZ):

Max Predicted Troops in Troops in Troops in
Yield Open Trenches Armored Vehicles
(KT) (Yds) (Yds) (Yds)

0.1 1700 1400 1600
0.5 2100 1700 2000
1 2300 1900 2200
Z 2500 2100 2300
5 3000 2300 2600
10 4000 2600 2800
20 2200 3100 3100
30 6200 3500 3500
40 7000 3900 3900
50 7600 4200 4200
60 8200 4400 4400
70 8700 4700 4700
8@ 9200 4900 4900
90 9600 5100 2100
100 10,200 5300 5300
6
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Other important criteria were:

o—

e For aircraft-dclivered devices (excluding air- i
launched rocket) it was necessary to add three ] |
(3) times the circular error probable (CEP) for "i
the aircraft delivery system to the positioning
criteria above.

! e Troop positions would be located so that an
S aireraft-delivered device is delivered along a
line in front of and parsllel to the positions.

1

;- e Trenches provided for troops and observers were . ;
P to he at least six (6) feet deep and all parti-
cipants were to be instructed to keep below a
point at least iwo (2) feet below ground level.

P N P

Education and Training. Three radiological training projects were

sy

e¢stablished under the supervision of the Rad-safe Section. %

® The Camp Desert Rock Rad-safe school trained a T
total of 417 personnel as Rad-safe monitors. - ;

e The U.S. Navy Rad-safe project trained approx-

t
imately 120 individuals as monitors. i
e The U.S. Air Force, using instructors from its )
Radiological Defense School, conducted classes
for students from CONUS Aijr Bases in ;
radiological monitoring. This project trained Py i
370 personnel. é :
In addition to these formal training projects, Rad-safe briefings and pre-mancuver ’{,
F rehearsals were conducted. ,
;
. . . . . . 4
. Radiation Area Control. Radioclogicel exclusion areas were defincd in -
the same way as the NTO (See Secticn 3.2.3). The specific procedures were, in
many cases, the same as those used by the AEC. However, some applications were ;
H
tailored tc the needs of the Desert Rock Rad-safe Program. For exarple, like the %
AEC, the Rad-safe Section maintained radiological situation maps showing isodosc F
rate lines of 10 mR/h, 100 mR/h and 1 R/h. Information plotted was provided by f

Desert Rock monitors and by AEC radiological safety personnel. For Desert Rock,
however, the maps were located in both the Rad-safe building at Camp Desert Rock

and the 50th Chemical Platoon orderly room at Camp Desert Rock (the 50th Chemical

Platoon also had a training decontamination station with maps at Yucca Pass). For

observers reviewing equipment displays in the forward area, Rad-safe monitors




aiso marked the 20 mR/h line as a limit for buses and personnel vehicles and the §
R/h line as a warning of a high radiation area. The 5 R/h line was identified
with red cones and white engineer tape; the 20 mR/h line for vehicles was
identified by yellow cones. At various locations i the display area, localized
high radiation aveas were also identified for the guidance of observer personnel.
Whenever trenches or open observation areas were used, radiological monitors
watched the radiological situation at that point and recommended moving if

necessary to ensure the safety of participants.

Contro' of Personnel Movements On Site. Rad-safe personnel controlled

entry of EDR porsonnel into the forward area after shot time. A permit was
required for anv entry into a full Radex area. Checkpoints were established on
the access roads to the areas and were moved as the radicactivity within the areas
diminished. A monitor was required to accompany personnel entering full radiolog-
ical exclusion areas. Although personnel entering limited Radex areas required
clearance by the Rad-safe office, they required no monitor unless display
equipment or contaminated material was to be removed. Military police traffic
control teams were posted to ensure that no buses or other grouad vehicies passed
beyond the 20 mR/h line.

Desert Rock personnel wore specific uniforms during the exercises, but
no specialized protective clothing was issued. Each man wore a field uniform and
his film badge and carried a protective mask. Some observers had dust respirators
rather than an issue protec¢tive mask, while news media personnel were provided

helmets, dust masks, and canteens.

NDecontamination of pcrsonnel and equipment was a major portion of the
Desert Rock Rad-safe program. At tlie conclusion of each shot or exercise and
before loading trucks or buses, individuals were monitored to determine if
external contamination was present. If contamination over 7 mR/h (gross count)
was observed, decontamination was required. Ground vehicles, helicopters, and
equipment were monitored in the same fashion prior to their return to the base
canp. Decontamination was achieved by physical removal of the contaminant.
Normally, decentamination proceeded from the casiest approach to the most complex,
with monitoring atter each step.  Hrushing or shaking of ciothing or brushing ot
equipment or vehicles with brooms was adequuate in some cases. However, washing

with water and brushes was required for some vehicles and aircraft. Those¢
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personnel showing dosc rates in excess of 7 mR/h were taken to the 50th Chemical
Platoon decontamination station in the vicinity of News Nob at Yucca Pass.
Individuals requiring further decontamination showered and rcceived an issue of

clean clothing.

After decontamination, ecach individual, vehicle, or item of equipment
was again monitored to ensure that radioactivity had been reduced to below the
allowable limits. After clearance by the monitor, personnel and vehicles werc

allowed to return to base camp.

During Desert Rock Exercises VII and VIII, 6,218 personnel were screened
at the Desert Rock decontamination center. Of these, seven individuals required
complete <decontamination. In terms of equipment decontamination, the mnonitors

processed 838 vehicles, of which 303 required conplete washing. In addition, 48

helicopters required decontamination, of which two required complete washing (200).

Dose Control by Film Badge. Each person was issued a film badge upon

arrival at Camp Desert Rock. The film badges issued during 1357 Desert Roek tests
contained Dupont dosimeter film packets Type 559; these contained Type 502 and
Type 606 component films. An Eberline model F3 densitometer was used to read the
optical density of film components. The accuracy was as gond as + 10 percent in
the low-~density range for each film component; in the crossover vicinity (aboat 10
roentgens) between the sensitive and less sensitive film components, however,

accuracy was *+ 50 percent (192),

The film packet holder itself was designed with an open window and a
cluster of three metal filters - one aluminum, one copper, and onc laminated
tin/lead. The area covered by the foil cluster gave a flat blackened response to
gamma rays above the Compton edge (~70,000 electron volts). The open window arca
of the badge responded to beta rays and gamma rays of all energies. Thus, if the
photoeleeiric component of the gamma source is small, the difference between the
density change in the open window and the filtered area give a crude estimate of
the beta dose.
Dosimotry teams from the Muclecnics Rranch, Lexingtan Signal Depot,
Lexington, Kentuceky, processed and developed the badges at Camp Desert Rock in two

specially cquipped vans, The Radiological safety Scction, Camp Desert Rocek,

7O

- -




[ —— )

[ — - e e ———— L e e -

maintnined dosimetry records, which were forwarded to Lexington Signal Depot,
Lexington, Kentucky, and were later provided to the Army Staff. The references do
not specify a definite turn-in time for film badges. The issue and accession
dates* shown in the Loxington records span varying time periods so a single-shot
dosaye cannot alwavs be determined. Approximately 33,000 film badges were

developed during Desert Rock VI and VI (200).

DD Form 1141, "Record of Exposure to lonizing Radiation,” was to be
forwarded to the home stations of permanent party personnel for inclusion in their
medical records. Records of exposure for observers were to be forwarded to their
horie stations through administrative rather than medical channels since these were

often in the form of lists of names (204).

=" sccession date” refers to the date on which the film badge dose was recorded.
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CHAPTER 4
EXERCISE DuESERT ROCK VII AND VIII PROGRAMS

4.1 INTRODUCTION

Desert Rock Exercises VII and VIHI were involved in 24 of the 3U events
during Operation PLUMBBOB. Service-related projects involved sre shown in Table
4~1. Puarticipation of personnel in these projects by test shot is shown in Table
4-2. {(Unless otheorwise indicated, references 3 and 7 are .he principal sources

for the fcllowing sections.)

The projects fall intc five general categories: teehiuical  service
projects,  trcop-observer indoctrination pregrams, troop inaneu rers an:  tests,
oucratiopad traning projents, and training projects. Also the support troops at
Carip Desert hoew, although net specifieally identified with any singie project,
must be examined with regard to their pgeneral activities trecugh  Operaticn

PITMBROB,
1.2 TECHNICAL SERVICE PROJECTS

During Descrt Rocek VI in 1955, some technical projects had been placed
uticder supervision of the Desert Rock Exercise Director, who was responsible for
tae  overall  snpervision,  coordination, general administration, and logistical
support of such tests. This was conitinued in PLUMBBOB. The chief of the
respeetive  technieal  service  or apgeney  was  responsible  for  planning  and
superving  the test and for cvaluating  the test results, Proieet  officers
A poiatod v the teennieal serviees qdirected the actual conducet of the tests,
whien incbided the following:

e lvaluation of Medium "ange Detonation-Detection

aad Clond Treacking Systems (Project 30,3) -
Sponxor: Choef Signal Officer, U.S, Army

o FHvualuntion of  Water Docontamination  Methods

’

(Project H0.4) - Sponsor: Oftice  of  Chief
Fropioeer, LS, Apmy
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Table 4-1. SERVICE-RELATED PROJECTS AT PLUMBBOS.

PROGRAM

J.S5. Army
Erogram 50

U.S. Navy
Program 51

U.S. Marine Corps

Program 5?2

17.S. Air rorce
Brogram 53

Royal Canadiar
Army and Air
Force

PROJECT NO.

T o Ul
SOoDCOOD

. . .
~§ OO PN e

O 1N
~nN N o
e s »
W N e

[ N NG NCIE T G T )
GO G o o o o
» . - - - * - .

20~y O b i D

— O

N/A

TITLE

Combat Team Exerci
Troop Observers

Technical Service
Technical Service
Technical Service
Technical Service
Technical dervice
Tachnical Service
Rad-safe Training

se

Project
Project
Project
Praject
rroject
Prcject

Rad-safe Monitoring Training

Operational Traini

ng Project

Marine Brigade Exercise

Troop Observers
Operational Traini

Operational Traini

ng Project

ng Project

ADC Air Crew Operations
Radiolenical Defense Training

Operatiounal Traini
Operational Traini
Operational Train
Operational Traini
Operational Traini

ng Project
ng Project
ng Project
ng Project
ng Project

Operation BOBCAT [-T]1
Operation BGBCAT v
Radiological Teams

o ————
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Evatuation of Shielding for Engineer Heavy
Fquipment (Project 30.5) - Sponsor: Office of
Chief Engineer, U.S. Army

e Protection Afforded by Field Fortifications
(Project 50.6) - Sponsor: Office of Chief
Enginecr, L.S. Army

e Test of Jdrdnance Material (Project 50.7) -
Sponsor: Chief of Ordnance, U.S. Army

e Detection of Atomic HBurst and Radioactive
Fallout (Precject 50.8) Sponsor: U.S. Army
Artillery and Guided Missile School.

4.2.1 Project 50,3 (Ewvaluation of Medium Range Detonation-Detection and Cloud

Tracking System)

The U.S. Army Signal Engineering Laboratory conducted this project,
which had two purposes: to test the Army's capability of evaluating atomic
detonations and tracking radioactive clouds, and to test fallout prediction
methods and instruments developed by the United States Army Signal Engineering
Laboratory. Table 4-3 indicates shot participation during Operation PLUMBBOBR for
Project 50.3 personnel. Participants in Projeet 50.3 included a radar section and

a fallout team.

The radar section used AN/PRC-9, AN/MPG-1, and AN/TPS-1D, initially
iocated southeast of Yucca Lake. All rudars operated from that site for the first
ten shets, but were later moved to other locations (sec Table 4-3). Radar
distances from ground zero were lavge. The closest radars were remotely operated
so that no operating personnel were closer than eight miles to ground zero. Thus,
radar personnel were gonerally not exposed to initia! radiation. Howeser, moving
radars from site-to-site and operating sets located at the Nevada Test Site
required multiple eriries into forward areas. Although EDR issued film badges to
project porsonael, VDR did not reallv function as a Rad-safe organization between
and during shots. It was responsible on'y for Rad-safe activities within its own
sector ol interest. The radar sites were generally outside the Desert Kock

sectors and so were subjeet to the AEC radiological safety procedures.

A fallout prediction  technique  develuped  at  the  Signal  Engineer

Laboratory was tesied under actual conditions and efforts were made to improve the

4
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Table 4-3. PARTICIPATION IN PROJECT 50.3.

[ ——

NO. QOF PROJECT
! SHOT 1957 DISTANCE, RADAR TO GZ (MILES) PERSONNEL

25
25
25 '
25 |
25
25
25
25
25
25 o

BOL TZMANN May 11.
FRANKLIN 8.
LASSEN 5 14,
WILSON 15.
PRISCILLA 4,
HOOD 15.
DIABLO 19.
JOHN . 16.
KEPLER 13.
OWENS 14.
STOKES 7 11.0 and 3.5 ‘
SHASTA Not operative ‘
DCPPLER q 14.0 and 3.5

FRANKLIN 39.0, 30.0 and 3.0
PRIME

SMOKY 41.0 and 30.0 o
GALILEQ 2 50.0 and 30.0 ) T
NHEELER 6 100.0 and 8.0 .
LAPLACE 100.0, 30.0 and 8.0
FIZZAU 97.G, 30.0, 8.0 and 7.5
NEWTON 90.0, 19.0, and 15.0
WHITNEY 99.0, 30.0, and 15.0
RAINIER

CHARLCSTON

i gy Aty - =
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*Both Desert Rock VI{ and VIII Final Report and the Operation PLUMBBOB
[ Test Manager's Report 1ist 28 participants for Project 50.3 at Shots

t RAIMIER and CHARLESTON. However, the project report (87) does not
provide any discussion for these shots (260:200).




model. The fallout team operated in an M-109 mobile van located at Camp Mercury
next to tne weather station. Initially, the team used weather data from Camp
Mercury. After 15 June 1957 the team used a meteorological section team located
near Alamo, Nevada, to supplement the Camp Mercury data. EDR provided film badge
service for the fallout team personnel. Activities at Camp Mercury were subject
to the AEC Rad-safe procedures. The following conclusions were reached as a
result of Project 50.3:

® The radar section proved that radar could detect
and track atomic detonations at rangec up to and
beyond 100 miles under atmospheric conditions
like those ercountered during Operation
PLUMBROR.,

e The standard militarv radar equipment could both

locate ground zero and determine nuclear cloud
rise rate.

e The fallout prediction method tested could be
used for tactical situations.

4.2.2 Project 50.4 (Evaluation of Water Decontamina’ion Methods)

The purpose of this project was to study water solubilitv character-
istics of radinactive bombh debris and to evaluate a number of procedures for
removing these contaminants from water. It was conducted by the U.S, Army
Engineer Research and Development Laboratory. Approximately five personnel were

invoived. A more detailed discussion of this project is inciuded in the PRISCILLA
shot volume.

4.2.3 Project 50,3 (Evaluation of Shielding for Engineer Heavy Equipment?

The purpose of this project was twofold: first, to determine the
attenuation of residual gamma radiation (from fallout and neutron-induced
activity) by  shielding heavvy equipment operating in a large. unitormly

conitaminated field, and second, tu evaluate the effective uses of this equipment

in clearing (decontaminating) land areas. Although project personnel were present

fnr choteo FAQCEN thrnaoah SHAGTA thin faicto earsome rodeint oA LieFar dwr owbatiees  fan
for chots LARBEN through EHARTA, the tests were conducted only in rolation to

shots BOLTZMANN and WILSON. The Army Corps of Frnigineers provided the project
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personnel. At shot BOLTZMANN, areas 100" X 100" and 30' X 100' were
decontaminated on D+8 and D+9 days, respectively. At shot WILSON, radiation
protection readings were taken at H+9 hours and on D+1, areas 100" X 100' and
30' X 100" were decontaminated. The preliminary results (200) are shown in Table
4-4. These results indicate the degree of protection provided and extent of
decontamination. It is obvious from the exposures indicated that both operations
involved entry into full radiological exclusion areas requiring full
anti-contamination clothing, respiratory protection, and monitoring. Although no
documentation has been located, the vehicle must have been contaminated and would

have required washdown or isolation until activity reduced below 7 mR/h.

4.2.4 Project 50.6 (Protection Afforded by Field Fortifications)

Army Engineer personnel dug the fortificetions. Although only shot
PRISCILLA was involved, project personnel were present for shots WILSON through

OWENS. Twenty-seven unmanned emplacements were provided as follows:

Machine Gun Emplacemu:nt
Two-man Foxhole 1
Modified Two-man Foxhole
Offset Foxhole (covered)
Offset Foxhole (open)

Hasty Shelter

0D WL N Do

The Army's Ballistic Research Laboratories installed pressure-tine gauges in the
machine gun and offset foxholes. AFSWP Project 2.4 instrumented ali the emplace-
ments for nuclesr radiation. The radiaticn readings were time-senrcitive 3o that
entry to the experimental area soon after the shot would be required. Additional
details are provided in the PRISCILLA shot volume.

4.2.5 Project 50.7 fTest of Ordnance Material)

This was conducted to iest items of ordnance equipment under the blast,
thermu!, and radicactive effects of nuclear explosions. Throughout PLUMBBOR, this
project served .0 investigate the following specific 2reas. Table 4-5 shows

personnel participation:




D

Table 4-4. PRELIMINARY RESULTS OF PROJECT 50.5.

OPERATION BOLTZMANR

67z Region traversal:
Maximum indicated intensity {outside vehicle)
Maximum indicated intensity {inside vehicle)
Average operator exposure rate

20 Hour exposure to 500 mR free-field:
Outside free field doszge
Outside dosage on tractor
Inside dosage at operator's position

Decontamination

Average intensity in 100' X 100' area
before decontamination

Average intensity in 100' X 100' area
after decontamination

Average intensity in 30' X 100’ area
before decontamination

Average intensity in 30' X 100' area
after decontamination

Direct measurement
Free-field intensity -
Intensity inside cab -
Intensity or hood -

WILSON

R/h
R/h
.4 R/h

.336 R/h
.306 R/h
416 R/h
.374 R/h

.42 R/h
.023 R/h
.23 R/h

Preliminary analysis of the data yielded the following tentative results:

PROTECTION FACTOR* BOLTZMANN

(PF)*
GZ region traversal - near GZ -
2500' out -
20 hour exposure to 500mR -
Free-field
Decontamination _perations
Direct measurements

GECONTAMINATION 7ACTOR

100" X 100" area
33" X 100" area

*PF equals outside dose rate/inside dose rates.

DF equals average dose rate after/average dose rate before.

WILSON

(PF)*
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Table 4-5. PROJECT 50.7 PARTICIPATION IN PLUMBRBOB.

ARMOR
RADIATION TESTS

FOXHOLE
TESTS

VEHICLE
DAMAGE TESTS

NUMBER

OF PROJECT
PERSONNEL

FRANKLIN
LASSEN
WILSOH
PRISCILLA
DIADLG I*
HGOD
DIABLO TI*

JOHN*

KEPLER*

OMEMNS*
STOKES™
SHASTA®
DOPPLER*
FRANKLCTH

SHOKY

AME*

X

X

X

X

*These shots are included since the Oesert Rock 11 and VIII Fina) Report

(200} lists personne! as rar‘icipating.
shots was made in tne narrative of that reference.

However, nc mention of these
Since this project is

related to AFSWP Projects 1.8 and 2.4. the personnal shown ray have participated
with AFSWP oun those shats.
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¢ Radiation tests - the shielding effects of
armored vehicles and armor materials against
garima and neutron radiation. This effort was
related to AFSWP Project 2.4, which used some of
the same vehicles. The U.8. Army Ballistics
Research Laboratory (BRL) conducted this phase
of the project.

e Foxhole tests - The protective value of armored
vehicles placed over revetted and unrevetted
foxholes. This effort was related to AFSWP Pro-
ject 1.8, which used the same vehicles.
Continental Army Command (CONARC, now
Training and Doctrine Command, TRADOC)
conducted this phase of the project.

e Vehicle damage tests - The effects of blast on
five Ontos (light armored vehicles). This
effort was related to AFSWP project 1.8.
Detroit Arsenal (now Tank and Automotive
Research and Development Command) conducted
this phase of the project.

e Fuze tests - The effects of neutron radiation on
component parts of rocket and shell fuzes. This
effort was conducted by Diamond Ordnance Fuze
Lahoratories (DOFL, now Harry Diamond
Lahoratory, HDL).

Radiction tests evaluated the protective effect of armor at shots
FRANKLIN, LASSEN, WILSON, and HOOD. For each test, an array of equipment was
used consisting of three tanks, three Ontos vehicles, two solid armor hemis-
pheres, and two hemispheres of laminated armor. At each test, every item was
placed at the same radial distance from ground zero. The radial distance was 1800
feet for FRANKLIN, LASSEN, and WILSON, and 3000 feet for shot HOOD. Personnel
from AFSWP Project 2.4 provided and installed the instrumentation for this
project. Gamma rav detectors, low, medium, and high energy neutron detectars,
gamma-sensitive film badges, and gamma-neutron dosimeters were placed inside
hemispheres and within the vehicles in locations corresponding to crew positions.

The tests resulted in the determination of a transmissicn factor for gamma and

nentrons for each vehicle or hemisphere.  The more technical results are reported
under AFSWF Project .4.
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Foxhole tests were conducted at shots WILSON and HOOD. Although the
project was intended to study both revetted and unrevetted foxholes, only the
unrevetted were used at PLUMBBOB. Two-man foxholes were dug both end-on and
side-on to ground zero., The foxholes were then covered with Ontos vehicles and
tanks in side-on and face-on configurations. Some foxholes were left uncovered to
serve as standards for comparison. The effects of blast, thermal radiation, and
ionizing radiation were then noted. In some cases, the vehicles were dragged
across foxholes, by the blast wave, caving them in and thus damaging them. In
those cases where vehicles remained in position, thermal and ionizing radiation

had a lesser effect than on unprotected foxholes.

Vehicle damage tests were also conducted. Ontos  vehicles were
positioned at varving distances from ground zero at shots FRANKLIN, LASSEN,
WILSON, and HOOD. Jeeps were also placed at these shots, but the jeeps were part
of AFSWP Project 1.8, At FRANKLIN and LASSEN, no vehicle was damaged even though
severe damage was predicted for vehicles close to GZ. At WILSON and HOOD, on the
other hand, damage varied from light to scvere, depending on distance from GZ.
M-48 tanks were used at shots WILSON, HOOD and SMOKY. These were the same
vehicles used in AFSWP Projeet 2.4, No blast damage was experienced by the tanks
in WILSON and HOOD. However, at SMORKY one unmanned tank, placed at 1,231 fect
from G7, was rolled on its top and severely burned., The tank was not economically

repairable. Also at SMORKY another tank, placed 2,840 feet from GZ, was undamaged.

Fuzes for bomhs, rockets, artillery shells, and hand grenades were
tested on Frenchman Flat during shot PRISCILLA.  The test items were buried in
shallow trenches dug at distances of 1,200, 2,400, and 3,300 feet from GZ and
located close to the neutron detector line deseribed in AFSWP Project 2.3.  The
project was 1o ascertain the effects of neutron radiation on grenade initiators
and  fuz.  electronic  components. The activities desceribed above show  the
tollowing :

e Intry to forward arcas was required prior to the

shots involved in order to construct foxholes
and to place vehicles, instruments, and fuzes.

e Photopraphs available (200) indicate that ontry
was nmoede inta the blast zone surrounding the
shot subsequent to detanation.
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The use of vehicles on more than one shot
indicates that personnel entered the shot area
after the shot: to rvecover vehicles and move
them to other test areas.

o FEntry into the shot area after the burst to read
dosimeters and instruments and to colleet film
badges was also required. These activities
would provide multiple occasions for expoesure to
ionizing radiation. Participants would be
subject to both Desert Rock and AEC Rad-safe
procedures. Desert Rock provided film badging
and radiological monitoring support.

ey e

4.2.6 Project 541.8 (Detection of Atomic Burst and Radioactive Fallout)

This project had purposes which were related either to fallout

ettt g e e

prediction procedures or to equipment testing:

e To test the capability of Army units to predict
: and monitor fallout using standard Army
; instruments or research items availahle for

testing

e To deternine specific requirements for weather
data necessary to predict radiological fallout
patterns

e To determine the suitability of standard
equipinent and research items avallable to the
U.S. Army for detecting the horizontal location
of surface ground zero, determining the height
of the burst, and estimating the vield of atomic
detonations

L

¢ To determine the organization and eqguiprient
required at Army, Corps, and Division levels to
predict and monitor radiological fallout

e To determine the capability available of radar
equipment to acquire and track targets and
guided missiles through an atomic cloud and
firetall.

!
) Shot participation for Project 50.8 is shown in Table 4-6, The following

arganizations provided puidance and troops for the projeets:
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Table 4-6. PROJECT 50.8 PARTICIPATION IN PLUMBBOB.
NUMBER OF ;
SHOT DATE PARTICIPATING AGENCY ey }
h ] .
ATLSON 12 cun 3357 | 19 TEFTNSE 30ARD: SRTILLERY 3C4RD x5 .
2oISciLis § 24 i 1957 J AlL CROANIZATIONS LISTED N T 57
LM o 13t 1887 ARTILLISY B0ARD /optical instrurents -on‘:/,q 557
0o 5 UL 1357 ALl 557
RIEY: TR IEMUUBCIV AN ST 557
OEN 3% JrL 1957 f AR TEFENSE B0SE0; ARTILLERY S04RD 357
<EPLER 73 cut 1937 f ML g57
TRENS 25 stv 1357 F ALL EXCERT SHEMICAL 23RS 57
PRSCAL § & ub 1987 . ARTILLZIRY BGARD (spund ranging oniy: 537
STOrES > aus 1987 § AL 357 :
SHAS 3 ETTET N IO 557 R
20PRLES 23 A6 1987 R LIR DEFENSE 3GRRS 557 S
SMCKY 3 aus a8 f o 357
AELTLED 2 SE® 1987 ALl es7
HEELIR 6 32° 1957 § ARTILLERY BOARD 1ag
LAPLATE 3 5gp 1557 B ARTILLERY BGAED 115
FIIEAL e g3 1987 ARTILLERT 30ARD 1G5
NCATIN 15 sgo tos7 K ARTILLEGY 3GARD 36
—

e The U.S. Armv Air Defense Board and Artillery
Roard* provided one Air Defense Board test and
evaluation unit, one Artillery Board test and
evaluation unit, and one Test Director detach-
ment.

e The U.S. Army Chemical Corps provided both
ground and aerial radiological monitoring

parties |
4

® The Air Weather Service Provided one Air Weather
Service detachment.

l’.‘:l—-.'- * by

hin the Army combat arme and hranches. bhoards were appointed to evaluate and
test new and proposed items of equipment, as well as doctrinal technigques and
coneepts appropriate to that arm or branch.




J— o i

e —————

The following fallout prediction procedures, as devised by wvarious

The U.S. Army Artillery and Missile Center
provided one fieid artiliery observation bat-
talion consisting of communications, survey,
sound, flash, and radar personnel;: three field
artillery meteorological seclions, one tactical
support center detachment, one fire support
coordination center detachment, and one Army
aviation detachment.

militaryv services and agencies, were tested during Project 50.8:

The Navy Radiological Defense Laboratory ~.ethod
used fali rates and the path of vario.s size
particles to predict a "hot line” of cxpected
contamination,

The Air Weather Service method plotted
10, 000-foot wind vectors from GZ and enclosed an
area between GZ and the end of the veetor to
estimate arrival time of fallout. Results were
fair for area coverage. After the first few
houvrs, arrival times were inaccurate.

A method outlined in Technicat Manual 23-200
{Capabilities of Atomic Weapons) used ellipses
from GZ based on one scaled wind vector from the
surface to the top of the cloud. Results were
poor, both guantitatively and qualitatively.

The Chemical Corps method assumed uniform cloud
distribution and plotted separate ellipses for
each 3000-foct wind level. Qualitative results
were good but guantitative results were only
fair.

The Army Command and General Staff College
method scaled predetermined density contours on
the wind hodograph. Direction and area coverage
reouits were good.

The U.S. Weather Rureau method plotted w:ind
vectors in increments of 10,600 feetr, and used
the area enclosed by vectors as the fallout
area. Qualitative results were fair.




The various agoencies involved tested fire controi center optical and
plotting  equipmoent; an  experimental  camera  (AN/TVS-1); an infrared,
photo-electric, light detecting device (AN/GAS-1); the AN/ASH-4 Bhangmeter i
(pressure-measuring device}; the sound ranging set GR-8; radars AN/MPQ-10,
AN/MPQ-21, AN/F(CS8-33, AN/FPS-36; and an experimental fire adjustment radar.
The following resulis at the time are listed to indicate the scope of experimenta-
tion achieved:
¢ Horizontal locations of atomic detonations were
nmade by flash and sound equipment. Horizontal
location could have been made by radar in the

special case of radar tracking of atomic
projectiles.

o Ay e 4
I e .

e Height of burst was determined by the AN/TVS-1
camera when linc-of-sight was maintained. Range
capability was estimated at under 25 miles.

e It was decided that yield could be determined by
the AN/ASH-4 Bhangmeter, but this item required !
considerabie development.

e The radar set AN/MPQ-21 displayed some technical :
capability to detect and track atomic clouds. ‘
However, no corrections with yield or fallout f
were reliable.

e A suitable tactical method existed to provide a |
qualitative fallout pattern for small vyield : i
weapons (below 40 KT). : %

e None of the methods tested were suitable to . !
provide quantitative fallout isodose patterns.

+ A quantitative systerm of the fallout prediction
must consider time and space of variation >f the
wind and large scale vertical motions cof the N
atmosphere. '

e Air burst atomic clouds did not cause too much
difficulty with regard to attenuation of, or
interference with, radar signals. !

e Ground survey provided more detalled results !
than aerial survey but was severely limited in
the area that <ould have been monitored in given
time.
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e Acrial surveys were required to provide rapid
determinationn of fallout direction and ccntam-
ination.

e The then standsrd :nilitary instruments were
vrisatisfactory for use in aerial survey due to
the slow rcsponse time in a rapidly changing
intensity area.

4.3 TROOP OBSERVER INDOCTRINATION PROGRAM

The troop obscrver indoctrination program enabled observer personnel to
witness the effects of nuclear weapons during and foliowing a nuclear detonation.
The troop observer program consisted of two parts: officia! observers, and troop
packet units from six continental armies plus the Air Force. This was &n
important phase of the exercise since these personnel later disseminated first
hand information acouired at these tests. In view of this fact, a very detailed
program of orientation was established, including lectures, films, pre-shot tours
of the Desert Rock display area, and post-shot tours of the same area. All troop
observers not previously trained in the area of special weapons were required to
participate in this orientation program. Other observers at the exercise were
from threc programs sponsored by the Operation Coordination Visitor Program
and coordinated with the joint AEC/DOD Visitor's Bureau. Though the success of
the observer program was affected by unfavorable weather and other factors which
often delayed firing, most observers (via completed questionnaires) recommended

continuation of the troop observer program.

4.3.1 Projects 5.2, 52.2, 53.3, and BOBCAT

These observer projects operated to acquaint representatives from the
Armed Forces with the effects of nuclear weapons a&nd to allow them to observe a
nuclear detonation. Personnel selected to participate in these projects normally
included troop, aircraft, and ship commanders, staff officers whose duties would
require familiarity with such weapons, and members of fire support units who would
plarn the employment of nuclear weapons, i.e., American civilian and Canadian
military observers also participated. The Canadians (BOBCAT I through III) did
not possess securily clearances for all of the information presented and were
briefed separately. For PLUMBBOB, the following Desert Rock observers are listed
(200):
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r ! Army 2849
; Navy 93
i Air Force 246 §
5 Marine Corps 106 : ‘
i ] Civilian 56 !
j Crnadian 316 ;
! TOTAL 3666* '

The program for ohservers consisted of an 3-hour orientation in special t

weapons and follow-on classes in special advanced subjects. The orientation was

oot

mandatcry for those people who had nct previously receivel similar training. !

Subjecrs of instruction included the AEC testing program, security, and radio-
logical safety, as well as technical service project participation, Visits to
eguipment displavs before and after the shots were included, as were visits to the

areas of rarlier shcts. During Desert Rock VI and Vill, 1,435 observe's attended

L W N S S

i the mandatory 8-hour pre-exercise orientation class and 1,613 attended the

voluntary special weapons classacs.

T

To experience the close effects of a nuclear detonation, some volunteer
observers occupied trenches at least six feet deep, located far euough from ground

zero to meet the safety criterin for overpressure, nuclear radiation, and thermal

radiation. Most cther observers watched shots from the vicinity of News Nob.
After the shots, some observers were conducted tc the equipment display areas. In
addition, standard observer gronping, rostering, and convoy procedures for Camp

Desert Rock were followed (see Figure 4-1).

4.3.2 Operation Coordination Visitors' Program

. . The Operation Coordination Visitor Program had three subdivisions during

Operation PLUMBBOB: The Foreign Observer Program, AFSWP Visilor Program, and an
aobserver program whereby personnel from the local bases (Indian Springs, Nellis,
and Lake Mead) could witness shots. This visitor program was coordinated and
augmented with the Joint AEC-DOD Visitor's Bureau personnel when required. Like-

wise Operation Coordination personnel augmented he Joint AEC-DOD Visitor's Bureau

o ekl b S SRR Y S s Sy 2

*The totals shown reflect more than the number of individuals observing the test
because observers were sometimes present for several shots and were counted as
observers for each shot.
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itaff sunervision of grouping and rostering observers was considered a dual
i -esponsitility 0f S-2 ang $-3. S-2 was resconsible thet all rostered ob-
i s@ryers hac the droper security clearance. 5-3 was resoonsible that ail

croperiy cleared noservers were grouped and rostered to see a shot.

i

f The ‘ollowing orocedure was found to be the most affective: Prior to arrival

I of observers, 3.3 estimated the number of briefing groups required and the

b anticipated vehicle reguirements for each shot, provided 5-2 with a break-out

!._ of convoy serials to include respective vehicle numbiers and capacitias, The

t‘ s1ze¢ o the brie‘ing or orientation ¢roups was dictates by the seating capacity
1630t of the auditarium and the size of training aids being used. From this
information, 5.2 prepared security igentification cards with space for observer's
sianature, briefing croup number and vehicle number. Cards were filed in

! venicle draer. As observers reported, they were initially processed through

Yisitors Bureau and into S-2 office. ECach otserver gave §-2 an official ccoy

ot nis orders and signed nis identification card with grouping and vehicle

numbers. The orders were filed in vehicle Lundles, from which stenciled rosters

were prepared with escort officer's name added. Stencils were proofed and

certified hy $-2 to insure proper ¢learance, Opproximately eight copies of

edch roster were needeg for each convoy mcvement into the Yevada Test Site. In

the event it was necessary to re-coster for special situations. observers were
re-royied througn 5-2.

CONVOY PROCEDURES

A ohysical check of personnel in each convoy moving into and out of the Nevada
Test Site was accomulished by the Camp Mercury security pers<onnel,

77 cave time and avoic congestion at Lhe entrance to the Test Site, JoD oer-
sonne! adopted the practice ¢ zhecking the convoy: at Camp Desert Rock and
escorting them through gates 1 and 2 atv Camp Mercury.

Trha fgllowing procedures wers found to te most etfective in ¢ontroiling convoys
to the forwarg area: Five copies of all rosters were required to be turned in
t M0 Security 3 minimum of six hcurs prior to the departure of the ~onvoy,
Jehiclzs were spotted in convoy order with fen by ten-inch signs A-1, A-2, ete.,
P taped 'n the richt frant windshield of =ach vehicle. DJesignatea escort af’irers

“or ea.h vehicle were briefed thirty minutes prior to loading Line and gi/en two
copres of the vehicle roster. As observers loaded, each Escort Officer checkeg
ott irdividual names. At the annourced time, Escort 9fficers read lined names 5f
absentees an both copies of the rosters. Since no changes cou'd be made on the
rcsters, cnyone arriving after this time could not go with the <onvoy. Escort
: Qfficers added name- of drivers 'who were all badged) and entered the total

number prasent on the two rosters., As the Dol Security represeniative came by
to check tre bus, one copy of the roster was presented t2 him, and the otrer copy
was retainen by *he Escort Officer until his return frcm the forward area and

i

than turned odvei to 7-3 4. a4 permanent record. In case of vehicle breakdowns,
personnel <ould be loacad into a :nare vehicle by merely exchanging vehicle
numters. Jehicle leads could also be consolidated by arnunina rosters and uchicle
numbers on the one vehtcle beinc us=2d for consoliacation.

Figure 4-1. STANDARD OBSERVER GROUPING, RGSTERING,

AND CONVOY PROCEDURES FCR CAMP DESERT
ROCK (200;j.




at times when official observers were present at the Nevuda Test Site. Foreign
observer visitors sponsored by the Department of Defense witnessed four atomic
detonations during PLUMBBOB: the BOLTZMANN, JOHN, PRISCILLA, and SMOKY shots.
Observers from local military bases (Indian Springs Air Force Base, Nellis Air
Force Base, and l.ake Mead Base) witnessed shots throughout the series. These
observers were noi badged, but entered the test site on a roster basis, were
escorted as a grcup to the observation point, and returned to their bases
immediately after witnessing the shot. This program was highly successful and
afforded many of the troops, directly and indirectly supporting PLUMBBOB, an
opportunity to witness a shot. A total of 342 locml military observers, not

including Desert Rock, witnessed shots.

4.3.3 Shot JOHN Observer Program.

"The Commander, Army Air Deferise Command, accepting the responsi-
bility, requested and received permission to place six {[volunteer] observers at
ground zero at H-hour for Shot JOHN . . . Prior to the shot, all observe«s
attended a combined techknical briefing at Indian Springs Air Force Base. No
adverse effects to the observers were noted." {(200) Since this 2 KT explosion was
at 18,500 feet altitude, these individusls did not receive any appreciable

ionizing radiation.

4.4 TROOP MANEUVERS AND TESTS

The military services took advantage of th¢ nuclear test series to
exercise their units in actual nuclear environments. During shot HOOD, the Fourth
Marine Corps Provisional Atomic Exercise Brigade observed the detonation from
trenches and then conducted a planned maneuver (Project 52.1) involving the use of
nelicopter airlift and tactical air support. Detailed troop activities are
discussed in the shot volume for HOOD.

A unit from the 1st Infantry Regirent, 4th Infantry Division (Fort
Lewis, Wu.-hington) was formed to conduct a militery maneuvor at shot SMOKY.

Memhers of this unit observed shot DOPPLER from trenches, »repared defensive

positions northwest of the SMOKY GZ, and then, after the SMOKY firing,
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conducted the air-lifted assault. This trocp exercise (Project 50.1) is described

and analyzed in detail in the shot volume for 3MOKY,

Members of a provisional company from the 32nd Infantry Division
(Airborne) were assembled to participate in a test of troop reactions to nuclear
blasts. These troops were initially scheduled to observe the SMOKY detonatior and
then peorform the test. However, the radiological fallout situatinn predicted for
SMOKY led to postpcnement of the testing phase until shot GALILEO. Troops
observed shoi SMOKY from News Nob. A more detailed discussion of this is included

in the GALILEO shot voluiie.

4.5 TRAINING PROJECTS

In conjunction with tne nuclear testing at the Nevada Test Site, three
radiological training projects were established under the supervision of the
assistant Rad-safe Officer. These training projects were designed to familiarize
the participants with radiological monitoring techniques under the realistie
conditions available at the test site. The largest of the three projects was the
estahlishment of the Camp Desert Rock Rad-safe School, which trained 417 personnei
as radiological monitors.

UNITS PERSONNEL
Permanent Party 84
Sixth U.8. Army CHR Survey Teams 89
4th Marine Provisional Brigade 180
¢nd Bn, 5th Marine Division 16
Infantry Battle Group 30
Canadian Infantry (Queens Own Rifles) 3
XVIII Airborne Corps Pathfinders 14
AEC 1

TOTAL 417

This training course consisted of 18 hours of formal instruction

followed Liy several days of practicing moritoring techniques in contaminated areas
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of the Nevada Test Site. Nine I'.5., Sixth Army chemical, biological, radiological
(CBR) survey teams received figii experience in conducting radiologicai survevs in
contaminatad target areas subsequent to shot deys. These exercises were conducted
from 25 May 1957 to 18 August 1557. The average length of stay for an individual
was li deys.

Another training program run during this period was the Navy's
radioclogical safety montoring program (Project 51.1), sponsored by the Bureau of
Yards and Docks. Approximately 120 individuals {rom all parts of the world were
brought to the Nevada Test Site for training planned to coincide with shot
BOLTZMANN. This shot was delayed, however, and the training exercises had to be
held in an area of low contamination containing debris from the 1955 test series
(TEAPOT). All participants in this project, except for three, had to depart

without witnessing a shot.

The Air Furce also had a radiological survey project (USAF Radiologieal
Defense Training, Project 55.4) which was sponsored by the Radiological Defense
School located at Lowrv Air Force Base, Denver, Colorade. Instructors from the
school were stationed at Nellis AFB where they conducted classes in radiological
survey monitoring. Students from continental air bases attended the classes at
Nellis AFB, after which they viewed a shot at the NTS. The students then
conducted radiciogical survey monitoring in the target area of the shot where they
were participating. Arcas to be surveyed were first marked with stakes. Monitors
then proceeded down the staked sectors toward ground zero, reporting dose rates
encountered at mileages indicated on vehicle odometers. The dose rate readings
were radioed to control stations where they were integrated into 1sodose rate
maps. Desert Rock Rad-safe monitors were present to enforce the radiological

safety criteria and provide technical assistance if necessary.

4.6 DESERT ROCK SUPPORT ACTIVITIES

The command organization for Camp Desert Rock was shown in Figure 2-4.
The trcops assigned to the Camp Desert Rock organization were cilled permanent
party personnel although, with the exception of a small caretaker crew, they were
only present at Desert Rock during the operational period of a Desert Rock

exercise. The Camp Desert Rock staff activities included all ‘hose functions
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necessary for administration, finance, security, and logistics, and for planning
the Desert Rock activities to be conducted in the forward area of NTS as an
adirnet to nuclear tests. The staff also provided supervision for all the various
related special activities riecessary to operate the garrison and support the field

activitics.

These personnel frequently entered the NTS forward areas--before,
during, and after the nuclear tests--in support of troop maneuvers, troop testis,
training projects, and technical service projects. Any occasion for entry into
the test site posed the same problems in varying degree: Rad-safe support, trans-
portation, communications, mecical support, and mess facilities. These problems
existed whether the entry was made by a monitoring team or by an engineer
construction battalion. This section illustrates some of the more important
activities.

Radiological safety personnel had numerous occasions for providing
support to operations or for being in the forward area. The Rad-safe section
provided monitors for any entry into Radex or limited Radex areas. In addition,
they provided film badges to all Desert Rock personnel entering NTS. In
exercises, thery would be among the firgt to enter a contaminated area to
determine, by means of monitoring or radiological survey, the extent of contam-
ination. In line with these duties, they were often among the last to leave the
maneuver or display area to ensure that all other participants had left They
also monitored personnel and equipinent leaving the areas to determine the need for
decontamination. Monitors were provided hy the 50th Chemical Platoon, which also

provided the personnel to operate a field decontamination station near News Nob.

The 84th Fngineer Construction Battalion was required to support troop
maneuvers, tests, and the observer indoctrination program. They constructed
trenches for observers and project personnel at many of the shots. For example,
Figure 4-2 shows the trenches located in the northern portion of the test site.
(The insert shows the trench area for PRISCILLA in Frenchman Flat.) Display areas
required some engineer construction. Test areas were prepared for troop tests
such as the HumRRO test as described in SMOKY and GALILEO shot volutles, which
required an infiltration course (crawl under barbed wire) and a dummy mine field.
Although construction sometimes occurred in areas exposed to radioactive

contamination from earlier tests, the nuclear sctivity had decayed or had either
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been scraped away or covered to the point that these areas were no longer
desighated Radex or limited Radex sreas. However, the potential for some degree
of both external and internal exposure would still exist. FThe engineer
construction activities also involved Rad-safe, communications, transportation,

and medical support.

Desert Rock communications support in the forward area was provided hy
the 232nd Signal Company and some attached signal units. Support included
essential fixed ard mobile tactical communications, pictorial and photo-dosimetry
services, plus noecessary meintenance and supply of signal items of equipment such
as radiac meters for Exercise Desert Rock VII and VItl. Some of the dose received
by signal equipment repair technicians can be attributed to the radiological
calibration sources used in conjunction with their equipment. The extensive wire
communications te numerous points in the NTS forwarc area required installation of
more than 1,200 miles of wire during PLUMBBOB. Installing of this wire required
entry into the NTS forward area before and after nuclear tests, as well as
troubleshooting and maintenance during shots and their related Desert Rock
operations (troop maneuvers, inspection of display areas). In addition to wire
communications, several radio ne's supported each shot. These iiicluded a Rad-safe

net, a road guard net, and an ambulance snd cmergency net,

Signal units also planned for television coverage of one shot, SMOKY.
Equipment was installed and calibrated to allow the military maneuver activities
to be viewed and reiayed. A late decision to switch to an alternztle msaneuver
area, however, rendered the pre-sited equipment ineffective so that no television
ccverage was obtained. The 2nd Signal Platoon did provide black and white photo
coverage of activities throughout! the various activities in Desert Rock VII and
VIIL,

Military Police personnel were required io enter the NTS forward arce
frequently throughout Desert Rock VII and VIilI. This was to augment the traffic
control provided by the AEC caeckpoints at the main gate and at Yuccua Prss. In
addition, Desert Rock military police were used to man traffic control points on
entry rosds, at maneuver areas, and at motor-park and pick-up peoints which
supported troop maneuvers and projects. The traffic control teams accompanied
monitoring teams into shot areas afier the detonation to establish a checkpoint at

the 20 mR/h point on the access roadz. No vehicular traffic was permitted heyond

this point,
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Arother permanent party aclivity requiring freguent NTS entry was ths
public infarmation program. Personnel from this activity were often present
during reconnaissance, rehearsals, and photographic sorties. They eglso
sccompanied troop maneuvers, observed shots, and visited trench and equipment

display areas.

Transportation Battalion personnel had an opportunity for exposure
before, during, and after the shots since they were the prime source for personnel

movement to and from the test areas (See Figure 4-1).

The 526th Ordnance Company personnel were frequently in the test area.
Their duties included movement of tanks and other vehicles to the demonstration

locations before the firings, and some post-shot recovery.

Quartermaster detachment personnel were responsible for providing field
rations, gasoline, and water to troops throughout the test site. Consequently the

forward echelons could be expected to receive some radiation dose.

The FEighth Field Hospital provided on-scene doctors, first aid
personnel, and ambulance services, For those who worked with the Desert Rock
was equivalent to those of the maneuver personnel they were safeguarding. The
exposure oapportunity for those who worked with the Desert Rock troops in the
forward area was equivalent to that of the maneuver personnel they were

safeguarding.

The 21st Helicopter Squadron aviators and ¢rew members were often in the

test areas to shuttle troops, high priority cargo, and dignitaries.

Finally, all Desert Rock personnel, even if their duties did not
normally require leaving the camp area, probably had an opportunity to witness at
least one sho! since It was customary to offer personnel not assigned onsite
duties (e.g., finance) the opportunity to watch a shot in the test series which

they supported,
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CHAPTER 5
DOD PARTICIPATION IN NTO OPERATIONS

5.1 INTRODUCTION

The Atomie Energy Commissian developed new weapons of requisite yield,

variely, mititary utility and deliverability, and manufactured weapons for storage

in the defense stockpile or for delivery to the Armerd Forces., [n 1957, to advance

this offort, the AEC continued to test its designs of nuclear devices in Operation

: PLUMBRBOB. Aljso included were five safety experiments to verifv design safepuards
;

against accidental nuciear detonations and one non-nuclear detonation to study

: clutonium contamination. Although these ALRC programs as such were carried out

mainly by AEC and AFEC contractor personnel, DOD personnel assisted in mary of

them, and in addition., carried out many programs of their own within the NTO.

e e e v e

These latter, sponsored by AFSWP, concentrated on the military effects of nuclear

weapons such as blast damage to military equipment and the like.

5.2 DEPARTMENT OF DEFENSE OPERATIONS WITHIN THE NTO

The DOD was interested in AEC's conduct nf full-scale tests of the

output characteristics of nuclear weapons (such as blast and rnuclear radiation)

and their effects on varinus military targets under varving conditions. Such
y 4 b

tests were essential for planning the use of weapons, preparing military defenses
azainst nuclear weapons, and searching for desired characteristics of new weapons.
The DOD military effects programs and prajects at Operation PLUMBBOB were planned
and coardinated by the Armed Foreces §pecial Weapons Project (AFSWP) (Figure 5-7).
At Operation PLUMBBORB, AFSWP had several responsibilities:

et ara e s A [ o

| - e Directing the field conduct of the experiments
i

i ¢ Coordinating all military participation in the
!‘ {ests

o Providing logistical support to the AEC and the
Armea Forces.

;

i

&L The Field Command Weapens Test {FOWT )Y group under AFSWP perfvrmed nine programs
H which considered the effects of radiation on military personnel, equipment, and
{

‘ structures. AYFSWP was represented by the Deputy Test Ma .ager tor Military Matters
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within the joint AEC/DQOD test organization. This Deputy for Milivary Matters
served under the Test Manager. He represented the Commander, Field Command,
AFSWP, and provided stafr assistance to the Test Manager on subjccts involving DOD

varticipation and support. He also performed liaison between AEC and DOD agencies

- ~a——— -

on policy and operational matters, and was responsible for military administration

, such as management of military property and funds. The Field Command Support Unit

. (FCS8SU), which came under DOD direction, provided general and technical support to
. the agencies, activities, and participating personnel at Operation PLUMBBOR. The i
i Air Force Special Weapons Center (AFSWC), the air support group under the Test
Manager, provided all aviation support. The DOD Coordination Group, acting as a

staff agency for DOD, coordinated training and observer programs.
5.2.1 Armed Forces Special Weapons Project (AFSWP) Military Effects Programs

The Chief, AFSWP (now the Defense Nuclear Agency) planned an integcrated
program of military-effects tests based on the continuing study of the needs of
the Armed Forces for data on the effects of nuclear weapons. In September 1956
the Chief, AFSWP directed the Commander, Field Command, AFSWP to do the
following (260):

e FExecute the military effects test phases as a
joint AEC/DOD endeavor

e Coordinate militery assistance and participation .
in support of the AEC :

L ¢ Coordinate operational, training, and troop - ’
[ observer participation

e Coordinate Federal Civil Defense Administration
participation in the military effects program.

Table 5-1 lists the PLUMBBOB shots on which each project actually ;
participated. There were 43 projects in the weapons-effects test program and they S
participated in 24 of the operational shots. Participation was not always as
planned because of such factors as instrumentation difficulties and changes in

yield or firing schedules (127).
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Table 5-1. DOD TEST GROUP PROGRAMS AT PLUMBBOB INDICATING
PROJECTS AT EACH SHOT (1967)

Program Program 6
Electro-
magnetic
Program 1 Program 2 Program 3 Program 5 Eflects. Program 8
Biast and Nuclear Effects on Program 4 Etfacts on Jervice Tharmal Program 9
Shock Radiation | Structures and | Biomadical Aircraft Equipment. Radiation Support
SHOT Effects Effects Equipment Effects Structures and Material Effects Photography
PROJECY 57
BOLTZMANN 2527, 4.2 5153 6.4.6.5 9.1
2.10 54,55
FRANXLIN 1.1 21,23, 4.1 5.1.6.2, 6.3.6.4, 9.1
24,25, 55 6.5
26
LASSEN 2123 6.26.3, 8.2.83a 9.1
24,25, 6466 °
2627,
210
WHSON 11 21,2.2, 4.1.4.2 5.1,5.5 €.2.6.3, 8.2.8.4a 9.1
2324, 6.46.5
2.5,2.6,
2.7.2.8,
2.10
PRISCILLA 11,13 21,235, 3132, 41,42, 51,54, 6.16.2, 8,182, 9.1
1415, 24,26, 3.3,34, 4,3 56 6.364 B.3a,
17 2728 35386, 8.3b
3.7.38
COULOMSB A
Satety Fapmranen
HOOD 11 2.223, 42 53,5.4, 6.2.6.4, 8.2 9.1
2425 6.5 6.5
2.6,2.7,
28210
DIABLO 2.128, 4.2 51.5.3, 6.2,6.4, 8.3a 41
210 5455 6.5
JOHN 11 2.3.2.5, 56 6.4 8.3a 9.1
29210
KEPLER 11,12 2.7.2.10 51,53, 6.4,6.5 B.3a 91
55
OWENS 111.2 2122, 5155 6.2,6.4, 91
2324, 6.5
25627 |
210
PASCAL A
Slety bttt
STOKES 1119 b15.2 6.4 9.1
4.5

SATURN

Satety bapenmeat

[ RTIEN

T

e i A il B s R | B 5 K 3 bt SR 5




Table 5-1. DOD TEST GROUP PROGRAMS AT PLUMBBOB INDIC..: .G

PROJECTS AT EACH SHOT (1957} (Continued)

Program &
Progrum Electro-
maghetic
Program 1 Program 2 Program 3 Program § Effects. Program 8
Blcst and Nuclear Effects on Piogram 4 Etfects on Service Thermal Program 9
Shock Radiation | Structures and | Biomedical Aircratt Equipment, Radiation Support
SHOT Effects Effects Equipment Effects Struciures and Material Effacts Photography
SHASTA i 53,54, 9.1
55
DOPPLER 5.3.54, 6.4 9.1
5.5
PASCAL B
Satety | rpenminng
FRANKLIN 5.5 6.4 91
PRIME
SMOKY 18,19 23 43 5.3,5.4, 6.4 B.3o 9.1
b5
GALILEU 1119 43 6.4 91
WHEELER 64 R
COULOME B
Gatrety §agusrnont
LAPLACE 20.2.2. 6.4 9.1
23210
FiZEAU 6.46.5 9.1
NEWTON 19 6.4 91
RAINIER 5.4 9.1
WHITNEY 1119 91
CHARLESTON 1419 6.4 91
MORGAN 11 65 9.1

e 2
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Program 1 - Blast and Shock Effects

Rlast and shock measurements were made on 13 events. Eight projects
dealt with phenomenology, ground motions, loading of structures, and effects of
terrain. They were fielded by the Ballistic Research Laboratories, the Naval
Ordnance Laboratory, Stanford Research Institute, Sandia Corporation, the Air
Force Special Weapons Center, and the Air Force Ballistic Missile Division of the

Air Research and Development Command.

The blast and shoek program for Operation PLUMBBOB had the following

objectives:

e Thoroughly document the time history of over-
pressure in the ground range between 50 psi
overpressure and ground zero on a typical
nuclear detonation.

e Extend that data out to the lower pressure
regions (about 6 psi), in order to have
continuity for & complete pressure-distance
curve,

e Obtain records of overpressure and dynamic
pressure versus time throughou. the pirecursor
region on a numher of shots,

¢ Measure the variation with time, depth, and
ground range of underground effects resulting
from overpressures higher than 50 psi incident
on the ground surface.

¢ Measure air-induced underground pressures on
large, buried objrcts of different flexibilities
in the high-pressure region as a functicn of
depth and ground range.

e Obtain data on overpressure and dynamic pressure
versus time in the region of precursor formation
over a variety of terrain,

e Obtain measurements of the influence of gullies,
washes, mounds, etc., and of gross terrain
features on damage to military equipment.
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Ballistic Research Laboratories (BRL) measured overpressure and dynamic
pressures during 12 shots of Operation PLUMBBOB (98). In these experiments, 233
overpressure-time measurements were made on self-recording Pi-gauges (as shown
in Figure 5-2) and 57 dynamic self-recording dynamic pressure time g-gauges were
used. All the g-gauges were essentially the same used during previous operations
except for five experimental models. Figure 5-3 shows a typical gauge
installation. Instrumentation was placed ot different locations on the blast
lines. For each of these locations, accurate surveys were made, holes were dug,
cement foundations were poured to hold the gauges, the gauges were installed, and
the calibration checked. Eleven shots were instrumented for precursor waveform
information. One hundred twenty-seven P{-gauges were fielded on nine shots to
record pressure-time and peak pressures. Thirty-one dynamic pressure gauges were

fieclded to record pressure-time data.

Naval Ordnance Laboratory (NOL) measured airblast phenomena by means of
a prototype system consisting of parachute-supported canisters containing a
self~-recording mechanical pressure and timing system as shown in Figure 5-4 (166)}.
The systems were deployed on shot OWENS by means of rockets and on shot KEPLER by
means of a balloon. An account of the activities required for fielding the system

will be given in the individual shot volumes.

Air Force Ballistic Missile Division (AFBMD) of the Air Research and
Development Command (ARDC) fielded twelve self-contained shock gauges and
protective canisters to study the spectra of ground shocks on five PLUMBROB
events (165). After surveying, the following sequence of events took place to
install the shock gauges:

e Excavation of a 27-inch to 36-inch cubical hole
at the desired pressure range

e Placement of a protective canister (400 pounds
total weight) (as shown in Figure 5-5)

e Placement of backfill around the canister

e Placement of the gauge, (130 pounds) (as shown
in Figure 5-6), in the canister

e Placement of the polished record plates (two per
gauge)
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Figure 5-5. TYPICAL PLACEMENT OF PROTECTIVE CANISTER.

Figure 5-6. PROJECT 1.9 SHOCK SPECTRA GAUGE.
115

[ T T N




s 4

o Carefui placement and boiting of the canister
lid (rough handling might have excited the
gauges)

@ Placement of three layers of sandbags over the
lid for thermal and nuclear radiation
protection.

Recovery of the records was accomplished by moving or sweeping sandbag debris from
the cover, unbolting and removing the lid, removing wing-nuts from the gauge, and

slipping out the polished record plates.

At shot PRISCILLA, airblast measurement, ground acceleration, stress,
and strain measurements were made in thc high pressure region, while 68 buried
structures (drums) were fielded to study the factors affecting the transmission of
air-induced ground pressures and loading (303;302). An account of the activities

required for fielding these measurements is given in the PRISCILLA shot volume.

On shct SMOKY, measurements were made to determine the effects of
rolling, steep slopes, and rough terrain (99;98). A summrary of the field

activities is contained in the SMOKY shot volume.

Program 1 personnel from AFSWC (102) and Sandia (252) participated only
at shot PRISCILLA; SRI personnel participated on shot PRISCILLA and SMOKY; NOL
personnel participated only on shots KEPLER and OWENS; AFBMD personnel partici-
pated on five shots; and BRL personnel were on 11 shots. Going from one shot tn
another, project personnel and supervisory AFSWP staff personnel worked at various
tasks throughour the Nevada Test Site. In doing their work--layout, construction,
installation, dry run operation, and recovery of data or instruments-~perscnnel
could have passed through or worked in areas with measurable low--level radiation

from previous events which had only incidental relationship to their participation
in individual shots.

Program 2 - Nuclear Radiation Effects

Nuclear radiation effects experiments were installed on twelve of the

PLUMEBCB events. The program comprised ten projects in the following five
areas:




(1) Neutron-Induced Radiation. New weapons of major tactical impor-
tance introduced amplified nuclear radiation effects. One such amplified effect,
which is of particular importance to land forces, was the generation of neutron-
induced radiation fields of such intensities as to have a direct influence on
tactical ground operations. Military planning for the tactical employment of
nuclear weapons in land warfare created the need for a reliable method of predict-
ing the neutron-induced f{ield from low air burst tactical weapons. As a result, a
major effort for study of this problem was scheduled for Operation PLUMBBOB to
obtain experimental data neaded for the development " satisfactory prediction
methods. Objectives of the neutron-induced soil activity studies on Projects 2.1,
2.2, 2.3, and 2.5 were to determine the f{ollowing:

® The neutron-induced gamma activity in three
types of American soils and in constituent

soil elements was a significant contributor
to induced soil activity.

e The neutron flux and spectra gave rise to the
induced soil activities both as a function of
distance from ground zero and as a function
of depth beneath the surface.

(2) Iritial Nuclear Radiation. This was studied by projects 2.3, 2.5,
2.9, and 2.10 to measure the following:

e The neutron fiux, spectra and total neutron
dose for weapons of potential tactical
intercst

e The initial gamma dose rate as ¢ function of
time and distance for severgl events

® The variation of neutron and gamma dose and
gamma dose rate with time as a function of
altitude and distance to determine the efiect
of the air-earth interface

® The nuclear radiation dose sustained by the
aircraft crew in the delivery of an MB-1 air-
to-air missile.

(3) Radio Wave Attenuation. Studies of the radio wave gattenuation

caused by the jonized volume generaled about the burst point of a nuclear
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detonation were conducted by Project 2.7 to:

e Proof test the proposed system for Operation !
HARDTACK nuclear-radiation-data telemeter 5
(HARDTACK was conducted the next year). ;

e Obtain basic information on the radio wave
attenuation problem under nuclear burst
conditions to permit a more complete under-
standing of this phenomenon.

(4) Nuclear-Radiation Shielding. Determination of the shielding

L
N W

effectiveness of the Program 3 structures was part of the oversall program to
determine the suitability of these structures as shelters in atomic warfare.
Similarly, the measurement of the shielding afforded by foxholec, machine gun
emplacements, and personnel shelters was part of the continuing Army program to }
develop finproved field fortifications. Nuclear-radiation shielding was studied by :
Project 2.4 through determination of the gamma and neutron shielding character-

istics.

(5) Instrument Evaluation. As the neutron hazard from newly developed
weapons increased, the need for a neutron personnel dosimeter became more evident.
Instrumentation proposed for use in making nuclear radiation measurements at very
high altitudes during Operation HARDTACK was proof tested. The problem of
telemetering this data from these altitudes was stucied as well. Instrument
evaluation was performed by PLUMBBOB Projects 2.6 and 2.8 to evaluate the
performance of:

e The IM-93 beta-gamma radiation-survey ineter
under nuclear test field conditions

e Specially shielded LT-60/PD and IM-107/PD

’ dosimeters and standard AN/PDR-43and AN/PDR-44
survey meters i1 ‘he¢ measurement of equivalent
body dnse and dose rate.

U.8. Army Chemical Warfare Laboratories (ACWL) fielded the experiments
necessary for the investigation of the induction of gamma-emitting radioisotopes

in the soil caused by five different PLUMBBOB nuciear detonations (252).
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The following three test soils were used on Project 2.1:

o Dade fine sandy loa:, which hes a high silicon
caontent and low mineral content

e Chester loam, which has a strong aluminum -
concentration and a  fairly high manganese
content

e Nevada Test Site seil, which has a large sodium
component, significant aluminum and mangancse
content, and is the natural terrain over which
the detonations at Operation PLUMBBOR took
piace.

To evaluate the effeet of the water in these soils, the moisture eontent was

carefully conlrolled in all specimens. The soils exposed were one cubic yard

specimens. The exposure station is illustrated in Figure 5-7.
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Figure 5-7. CROSS-SECTIONAL DIAGRAM OF AN EXPOSED
SOIL. SAMPLE.

il9

e e e Y T oo o P o et e

S

e g ot

i g




[ . . m e —m e e

The cvlindrical column in the center of the sample was so constructed that,
following the detonation, *he soil sample could be cjected from its tubular
container and recovered by means of a cable leading
(Figure 5-8).

out of the exposure area

Figure 5-8. OVERALL VIEW OF MONITORING RIG.

For Project 2.3 ACWL measured the neutron flux and spectra for the
devices used in nine evenis (287). ACWL personnel also performed the Project 2.4
neutron- and gamma-shielding tests on structures, shelters,
M-48 tanks (Figures 5-9 and 5-10) for six shots (308).

fortifications, and

U.S8. Navy Radiologica! Defense Laboratory (NRDL) fielded Project 2.2 on
four shots (118). This project studied the nature of radioactivity, especially
the problems associated with induced radioactivity in soils near ground zero.
Figure 5-11 shows a cutaway drawing of a typical sample container. Figure 5-12
shows a photograph of a typical station with three of the containers with hoops
that were used for helicopter pickup. In addition, thev measured the induced

radioactivity in an M-48 tank on shot HOOD.
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Figure 5§-9. M-48 TANK.
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Figure 5-11. CROSS-SECTIONAL DIAGRAM OF ALUMINUM
SAMPLE CONTAINER.

U.S. Army Signal Research and Development Lsboratory determined the
initial-ganima intensity versus time and distance on the ground and in the air for
Project 2.5 on seven shots (109)., A second part of this project measured the
neutron-induced pamma activity from shot OWENS. Tissue-equivalent tactical
neutron dosimeters as well as a standsrd radiac meter (IM-93) were tielded on five

events by the Army Signal R&D Laboratory in Project 2.6 (115),
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00-YARD STATION AT SHOT WILSON

Figure 5-12. THE 5
LOOKING TOWARD GROUND ZERO.

U.S. Naval Rescarch Laboratory (NRL) f1¢'~-4 Projoct 2,7 on eight evonts
(167). Transmitters in the trequency range of 16v w 9,850 me were located in
shielded bunkers (Figure 5-13) to transmit radially outward from 7, such that the
transmission path went through the fireball. Receivers were [nstalled in Building
400, about 12 miles from the various ground zeros (Figure 5-14),

U.S8. Navy Material Laboratory, for Projoct 2.8, participated in four
events (138). Between 1445 minutes and 11+2 hours, masonite phantoms were loaded
with DT-60/PD and IM-107/PD dosimeters (Figure 5-15) and AN/PDR-43 (XN-1) and
AN/PDR-44 (XN-1) rate meters (Figure 6-16), After the dosimeters were exposed to

H+6 1/2 hours on shot DIABLO to H+56 hours on shot HOOD, they were recovered and
the data interpreted.
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Figure 5-13.
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A- Concrete Culver! Pipe
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B- Concrete Culvert Pipe
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- Exhoust Fan.
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Generator.
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Figure 5-186.
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MASONITE PHANTOM LOADED WITH STANDARD
DEPTH-DOSE RATEMETER AND HOLDING

RATEMETER TYPES AN/PDR-43 (XN-1) AND
AN/PDR-44 (XN-1).
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Air Force Special Weaporis Center (AFSWC) participated in Project 2.9 i

with three F-89 all weather interceptor aircraft and successfully delivered a live \
MB-1 air-to-air rocket on the JOHN event (214). The JOHN event volume contains !
! !
details of this project. AFSWC also participated in nine events with Project 2.10 [‘ '

to measure total gamma dose, gamma dose rate, neutron flux, and neutron doses at
the surface and at heights up to 950 feet to determine the effect of the

air-ground interface on initial nuclear radiation (339).

¥ Program 3 - Effects on Structures

The effects on structures were studied only on shot PRISCILLA. Eight

unmanned structures were instrumented to obtain loading and response data. This

PR

program had the following objectives (127):

e Tou obtain loading and response data on various
types of above~ and below-ground structures in
regions of moderately high overpressures (above
50 psi) (This was the primary objective)

e To proof-test various underground structures on
a go/no-go basis

e To determine the structures' capacity to provide
Clags | (100-psi) and Class II (50-psi)
protection as prescribed in the then current DOD
Protection Construction Policy

e To obtain loading and response information from

existing structures, constructed for past tests
L in the Frenchman Flat area, that could be
recorded and subsequently analyzed.

« Prog:am 4 - Biomedical Effects

Biomedical effects were measured on cight events. Three projects were
fieclded by the Walter Reed Army Institute of Research, the Aero Space Medical
losearch Laboratories, and the Lovelace Foundation for Medical Education and 3 |

Research. The purposes of Program 4 were:

e To furnish information on the effects of nuclear
weapons on large biological specimens (swine)

® To evaluate the eye protection afforded by an
c¢lectromechanical shutter
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® To evaluate the casualty effect of missiles
translated by a nuclear detonation.

Walter Reed Army Institute of Research fielded Project 4.1 (Effects of
Nuclear Detonations on a Large Biological Specimen (swine)) on shots FRANKLIN,
WILSON, and PRISCILLA (234). Objectives of this project were:

® To determine the effectiveness of field medical
procedures in a mass casualty situation

e To investigate the effects of combined injuries
from supralethal to nonlethal ranges

e To derive the LDgg-33 (midlethal dose
in 30 days) for a large biological specimen

e To obtain information on blast injuries in a
large biological specimen

e To obtain information on thermal injuries in a
large biological specimen.

The swine had been determined to be a suitable animal for the project due to size,
skin and ionizing radiation respcnse similarity to humans. Thermal, pressure, and
radiation measurement as required were made in support of the project. After
exposure and as soon as the radiation conditions permitted, the animals were
recovered and returned to the animal hospital area. Surgical and medical

treatment was administered and documentary records kept on each animal.

Aero Space Medical Research Laboratories fielded Project 4.2 (Evaluation
of Eye Protection Afforded by an Electromechanical Shutter) on five shots. The
purpose of this project was to evaluate the effectiveness of a high-speed
electromechanical anti-glare shutter that was coupled with a flash detector and a

power supply (See Figure 5-17).

Service personnel volunteers (mostly from the Tactical Air Command)
viewed the detonations from a C-47 aircraft and from u trailer exposure station
with protective shutters. Control rabbits, both with and without protection, were
subjected to the bomb light. All exposure stations were located at slant ranges
where the total energy was expected to be between 0.04 and 0.1 cal/cm? so that,

in case of shutter failure, the eye would not be exposed to more than the safe
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4 chorioretinal barn threshold. The critical threshold adopted for thLis project was
0.004 cal/cm? over the first 0.1 second. E
K}
‘ Immediately after exposure, the subject turned to a visual-testing '1
device located slightly to the side of his position. Visual recovery was tested ‘
on either the stereoccamptometer, or nyctometer, or a comtination thevreof. Time to %
recover useful vision was measured by ability tu read aircraft instruments. The i
time of return to mesopic visual acuity was determined and recorded. Upon g
completion of visual recovery testing, all human subjects went to Nellis AFB for
complete opthalmological evaluation.
Lovelace Foundation for Medical Educational and Research jointly fielded
Project 4.3 for the Department of Defense and Project 33.2 for the Civil Effects
Test Group (CETG) on three chots. The objectives were:
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e Ta determine, for various dynamic pressures, the
velopities attained by planted missiles, con-
sisting of military debris at different ranges
from a nuclear detonation

e ‘fo determine the mass and velocities of natural
missiles

¢ To analyze all data in a manner that wouid aid
the assessment of secondary blast casualties.

The DOD test group furnished part of the required funds and minor logistical
support. 0One hundred fifty-five traps (See Figure 5-18), having a total missile-
collecting area of about 486 ft2 were cuwpioyed in open regions, shelters, and
houses. In addition, approximately 234 ft¢ of missile-absorbing material
cemented to walls was used to study missile »ehavior in a shelter and in open
areas. Secondary missiles were studied in open regions where peak overpressures
ranged from about 4 to 15 psi. The effects of hill-and-dale terrain upon missile
production were investigated during shot SMOKY. Missiles used in the three shots
were window glass mounted in frames, marked muitary debris, marked gravel, marked
spheres, and native stone. Displacement distances were measured for stones
(weighing up to 19 kg), which were placed at various ranges from ground zero. For
shot PRISCILLA, 25 stones were placed at each of seven ranges varying from 2,030
to 6,120 feet from ground zero. Each group of 25 stones was divided into five

subgroups, whose average nasses ranged from 0.249 to 12,442 kg.

Frogram 5 - Effcets on Aircraft S:ructures

The effects on aircraft structures were studied on 13 events. The
program consisted of five projects: the HS$S-1 helicopter, model Z8(G-3 airships,
FJ-4, A4D-1, and the F-89D aircraft. The overall object.ve of the PLUMBECB
aircraft-effect studies was to extend the scope of available data in line with
service requiremrents by:

e Obtaining a bhett2r definitior of aircraf?
safe-delivery criteria for nuclear weapons

e Obtaining a better definition of thermal inputs

and dynamic gust loadings resulting from nuclear
blasts
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e Obtaining response data from a huclear blast for
& HS8S-1 helicopter and a ZSG-3 airship.

Project 5.1 (In-flight Structural Response of the HSS-1 Helicopter to a
Nuclear Detonation) was under the supervision of the Navy Bureau of Aeronautics
and Sikorsky Aircraft Division of the United Aircraft Corporation (317). The
HSS-1 participated in eight PLUMBBOB events. Objectives of this project were:

® To measure the overpressure and gust response of
the HSS-1 helicopter

@ To determine the delivery capabilities of the
HSS-1 helicopter for antisubmarine warfare
weapons as limited by blast effects

e To obtain experimental data for the Departments
of the Army and Navy related to helicopter
response to nuclear blast for correlation with
analytical technigues.

The flight conditions, aircraft positions, and results of each test are reported

in the appropriate shot volume.

Project 5.2 (Structural Response and Gas Dynamics of an Airship Exposed
to a Nuclear Detonation) was under the supervision of the Navy Bureau of
Aeronautics and the Aeronautical Structures Laboratory of the Naval Air Material
Center (151)., Four mode! ZSG-3 airships (Figure 5-19) participated in two events
(FRANKLIN and STOKES). The hasic objective of Project 5.2 was to determine the
response charscteristice of the model ZSG-3 airship when subjected to a nuclear
detonation in order to establish criteria for safe escape distances after aieship
delivery of antisubmarine warfare special weapons. Specifically, the test program
was arranged to secure data in the following major categories:

e Dynamic response of the entire airship and its

structural members to various energy input
lavels

® Temperature rise and distribution in the airship
envelope as a result of thermal radiation

® Shock wave propagation in the airship envelope
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® Vulnerability of structural components that
would restrict the weapon-delivery capabilities
of the weapon systeni.

Airship cperations were conducted with extreme difficulty. Airship K-46 was
destroyed when 1t was torn from its mooring mast on Yucca iake bed by a violent
winstoim. Ship K-77 was lost after it became detached from the mast due to the
failure of the mooring ccne following the passage of the FRANKLIN shock wave.
Airstip K-92 was destroyed when it was torn from its mooring mast at Yucca Lake by
a sudden wind. The mooring lines holding airship K-40 were released about 20
secconds before the STOKES shock arrival to obtain free-body response data.
Immediately following shock arrival, the envelope ruptured forward of the car, and
the airship c¢rashed but did not burn. In spite of the operstional dilficulties,

data were obtained and are revorted in the FRANKLIN and STOKES shot volumes.

Project 5.3 (In-flight Structural Response »f the FJ-4 Aircraft to a
Wuelecar Delonation? was under the supervision of the Bureau of Aeronautics ana
North American Aviation, Inec. (213). Two FJ-4 aircraft (Figure 5-20) participated
on seven PLUMBBOB events. The project had the following three cbjectives:

Figure 5-20. FJ-4 AIRPLANE INSTRUMENTED FOR OFERATION PLUMBBOB.




® Measuring tiiermal and blast =esponse of the FJ-4
aircraft to the effects of a nuclear explosion

& Correiating the experimental response data with
analytic predictions in order to confirm the
delivery capability of the FJ-4 aircraft

e Obtaining data to help improve methods for
predicting the blest response of swept wing
aircraft.

Th2 atmosphevic conditions, flight parameters, flight conaitions at the
time of burst and shock arrival, and the radiation data for each event are in the

appropriate shot volumes.

Project 5.4 (In-flight Structural Response of the A4D-1 Aircraft to a
Nuclear Detonation) was under the supervision of the Douglas Aircraft Company
(316). The A4D-1 aircraft participated on seven events. Objectives of this
project were the following:

@ To measure thermal and blast gust response of
the A4D-1 aircraft to nuclear explosion effects

® To obtain data to improve the methods of
predicting blast gust response of aircraft with
wings of triangular platform

e To correlate experimental response data for the
A4D-1 with analytical method: for use in
determining its nuclear weapon delivery
capability.

The flight parameters, flight conditions at the time of burst and shock
arrival, and the radiation data pertaining to each event are given in the
appropriate shot volume.

Project 5.5 {In-flight Structural Response of the F-8%D Aircraft to a
Nuclcar Detonation) was jointly fielded by the Wright Air Development Center
(WADC) and the Northrop Aivcraft, Inc. (297). The F-89D aircraft participated in
14 events. The primary purpose of Project 5.3 was to determine the structural
response of the F-89D aircraft in-flight to the blast and thermal effects of a
nuclesr datonation. An Air Force F-83D was concernecd with the critical air-to-air
delivery problem and the ~apability of aircraft to deliver weapons with nuclear

warheads under varying conditions of weapon yield, altitude, and aircraft
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characteristics. In addition, the project provided basic research data for design

of future USA 7 aircraft.

Program 6 - Electromagnetic Effects and Tests of Service Equipment

This program consisting of five projects, was conducted in 22 of the 24
primary PLUMBBOB events. Program 8 was not involved onshots SHASTA and WHITNEY.
Objectives of the five projects were to study the following:

e The behavior of pressure-actuated antitank mines
under airblasi loading from a nuclear detonation

¢ The vulnerability of three types of antitank
influence-mine fuzes to a nuclear detonation

¢ The ground contamination pattern of a chemical
land mine detonated by a nuclesr blast

e The magnetic component of the electromagnetic
(EM) energy racdiated from a nuclear detonation
as measured in the near-field region as a
function of time and distance

e The effect of radiation from nuclear detonations
on semi-conductor devices

e The attenuacdon of EM energy propagated through
the cloud of a nuclear detonation

e The accuracy and reliability of a short-baseline
NAROL system by using it to locate ground zero
positions at ranges from 500 to 1,000 miles

e The characteristics peculiar to these pulses
that might distinguish them from bomb pulses

® The nuclear radiation effects produced by a
nuclear detonation on the operational and
structural characteristics of components and
materials in the guidance package of the Nike
Hercules guided missile

® The effects of a nuclear detonation on the
propagation of signals from the Nike Hercules
radar system.

Project 6.1 (Minefield Clearance by Nuclear Weapons) was fielded by the
U.S5. Army Engineer Research and Development Laboratories and the Midwest Regearch
Institute. Its objective was to investigate the behavior of pressure-activated
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antitank mines under airblast loading from a nuclear detonation. This project was
done »nly during PRISCILLA.

Project 6.2 (Measurement of the Magnetic Component of the Electro-
magnetic Field Near a Nuclear Detonation) was fielded by the Diainond Ordnance Fuze
Laboratories on six events. The objective of this project was to provide a record
of the magneticfield component of the electromagnetic field from a nuclear
detonation as a function of time and distance, Inecluding the near-field regicn
(164). Two to five instrument stations were established for each participation at
ranges of 630 to 14,400 feet from ground zero. The stations consisted of
concrete-lined holes 6 to 12 feet deep in which the instrumentation sets were

protected from radiation, blast, and thermal effects by burial under sandbags.

Project 6.24 (Measurement of the Effects of Nuclear Radiation on
Semiconductor Devices)., ‘The major effort for this project was wn shot PRISCILLA
and details are contained in that shot volume.

Project 6.3 (Attenuation of Electromagnetic Radiation Through an Ionized
Medium) was fielded by the U.S. Naval Air Development Center on four events (225).
Objectives of Project 6.3 were to measure the attenuation of clectromagnetic
radialion of various frequencies due to propuagation through an ionized cloud from
a nuclear detonation, and to compute the rate of removal of e¢lectrons by
recomhination and attachment from the atteruation measurements. An A4D-1 aircraft
carried the airborne pod used to house the electronic equipment on shots FRANKLIN,
LASSEN, and WILSON. An FJ-4 aircraft was used fer the PRISCILLA event. The

aircraft were based at Indian Springs Air Force Rase.

Froject 6.4 (Accuracy and Reliability of the Short-Baseline NAROL
System) was fielded by the Air Force Cambridge Research Center on 21 of the 24
primary PLUMBBOB events and had the following three objectives (203):

¢ Determining the position and vield of a nuclear
burst as a function of distance fraom ground zero

o Investigating methods for isolating the electro-
magnetic pu'se cof a nuclear burst from lightning
transients

e Collecting data on the nature of bomb pulse
distortion which results from overland
propagation.
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Since the distances of personnel from Ground Zero were several hundred miles (see
Figures 5-21 and 5-22) there was no exposure to ionizing radiation by

participants.

Project 6.5 (Etfects of Nuclear Detonation on Nike Hercules) was done hy
White Sands Missile Range personnel on nine PLUMBBOBRB events (143), The principal
objective was to investigate effects of radiation produced by nuclear-warhead
detonation on the operational and structural characteristics of components,
muterinls, and systems of the Nike Hercules guided-missile system. The specific

requirements were to:

e Ascertain the radiation susceptibility of the
clectronic devices, cireuits, and allied
materials which are employed or are to be
employed in the circuitry of the missile-borne
guidance system

e [Istablish the minimum radius from the center of
burst, as a function of yield for reliable
operations of existing systems

e Establish the maximum radius from the center of
burst, as a function of yield, for rpositive
failure of csscntial components, the reliability
of which cannot be feasibly improved by
employing less-vulnerable materials or
components

e Ascertain the effect versus time of induced
radioactivity for both immediate and permanent
damage

e Provide data to establish operational criteria
for the tactical employment of guided-missile
gystems

e Validate the extrapolation of laboratory results
to the magnitude of field-encountered radiation
levels.

Another objective was to investigate the effects of nuclear-warhead

detonation on the propagation of radar signals. In this area, it was specifically

desired to:
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e Determine if attenuation effects exist at X-band

frequencies about and through the fireball and
convection cloud

e Evaluate the magnitude and duration of these
attenuation effects

o Determine the degree of reflectivity of the
radar signal from the cloud

e Obtain preliminary and planning information fcr
more comprehensive lahoratcry and field tests

e Provide data to establish operation criteria for
the tactical employment of guided-missile radar
systems

e Provide design criteria for radar systems.

Program 8 - Thermal Radiation Effects

This program consisted of three projects that participated in eight
events. Its objectives were:

e To Investigate thermal protection for the
individual soldier

e To determine the effects of thormal radiation on
a standard reference material

e To cvaluate laboratory methods for determuting
the protection afforded by uniform systems

e To test instrumentation systems.

Project 8.1 (Thermal Protection of the Individual Soldier) was fielded
by the U.5. Army Quartermaster Research and Engineering Command. The major effort
of this project on the PRISCILLA event and the details are contained in that shot
volume.

Project 8.2 (Prediction of Thermal Protection of Uniforms, and Thermal
Effects on Standard Materials) was fielded by the Naval Material Laboratory (NML)

on four events (136). Its purpose was to determine the adequacy of the lahoratory
methods employed in the study of the effects of intense thermal radiation on

materials. The primary objectives were to determine the adequacy of physical
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methods for studying thermal damage to materials, and to evaluate by means of a
physical skin simulant, the protection afforded by clothing to personnel against
intense thermal radiation. A secondary objective of the project was to compare
the burns predicted from the temperatures of the skin shuulant behind an
irradiated fabric assembly, and the burns obtained on animals under identical
exposure configurations. Project 8.2 made basic thermal radiation measurements

for the use of Projects 4.1, 8.1, and 8.2.

Projeet 8.3a (Performance of a High-Speed Spectrographic System) was
fielded by the U.S. Naval Radiological Defense Laboratory (NRDL) in six events
(256). Its objective wus to field-test a high-speed spectrographic system being
designed for subscquent use during Operation HARDTACK for very-high-altitude
detonations. NRDL and Naval Resecarch Laboratory (NRL) high-speed spectrographs
were tested. Project 8.3b (Inetrumentation for Measuring Effects Phenomena Inside
the Fireball) was conducted by three groups, Wright Air Development Center,
University of Dayton Research Institute, and Allled Research Associates, Inc.
This project had five objectives (120):

o Instrumenting tests for future use in making

measurements within the fireballs resulting from
nuclear detonations

e Increasin, the informetion available regarding
the thermonuclear effecis of a nueclear detona-
tion

@ Measuring the time history of the pressure,
acceleration, and temperature of a nuclear burst

e Determining peak velocities by means of
mechanical velocity--distance impact gauges

e Supplementing ablation data obtained in previous
tOStS.

Because Project 8.3b was active only during shot PRISCILLA and shot

SMOKY, this project is described in more detail in those volumes,

Program 9 - Support Photography

This program was primarily of a support nature and consisted of a single

pruoject which was concerned with:
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e Technical photographic support of the military- 3 '

effects programs 1
. 1
g e The documentation of the overall military- i {
: effects program and production of an effents it
motion picture W

e The documentation of the detonations for release :
through the Joint Office of Test Information,
and for historical purposes

e The general photographic support of DOD
: projects.

The Lookout Mountain Laboratory Group from Hollywood, California,
staffed by the 1352nd Motion Picture Squadron, Air Photographic and Charting
Service, provided motion picture and still photography coverage. This group
involved about two dozen participants during Operation PLUMBBOB. Program Y
provided camera instrumentation on ten shots of the test series as shown in Table
5-2. Approximately 75,000 feet of color motion picture film was taken at the test
site for the purposes of documentation of the weapons effects program and the
production of a military effects motion picture report. This footage was planned
and accomplished to cover the significant features of participation of each DOD
project. From this footage, a military effects motior picture was produced. To
document the detonations for historical purposes and for release to the press
through the Joint Office of Test Information, both eolor and black-and-white
coverage of each detonation was done from an airborne camera =intion and a forward
area manned camera station. This coverage consisted of boti -still and motion
picture photography. Laboratory facilities established at ihe 'ast site made it
possible to process, classify, and relcase coverage to the press within two hours

after each detonation. In general support of the participating NDOD projects,

approximately 5,000 still photographs were made at the test site. Immediate

prints were produced for the use of project analysis.

4 ek, | o -

5.2.2 DOD Support Group/Field Command Support Unit (FCSU;

The Field Command Support Unit was an organizational elemen' under the !
Test Manager. The Neputy for Military Matters had operational supervisior over
the FCSU through the Officer-in-Charge, Field Command Support !Init. Tie mission

of the FCSU was to provide administrative, logistical, and general supp..rt to
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DOD/AFSWP nroject agencies, activities, and personnel participating in continental
tests at the Nevada Test Site. The unit was organized as shown in Figure 5-23.
Limited logisticai support was also furnished to the AEC based on the authority
contained in instructions for implementing Operation PLUMBBOB to the Commander,
Field Command, AFSWP (260). Assistance to the AFC primarily consisted of lending
special items of supply and equipment from available AFSWP material at the site.
Because most of the support requirements referred to DOD projects, the FCSU
performed its mission principally by direct telephone and personal contact with
the Director of the DOD Test Group, the DOD Program Directors, and the Project
Officers.

The principal elements and activities of the Field Command Support Unit

were:

e The Communications Officer was responsible for
arranging telephone and other signal services
for the DCD elements participating in PLUMBBOB.
The primary mission of the Communications
Division was to support the test projects for
ana under the supervision of the Director, DOD
Test Group.

e The DOD motor pool was activated on 1 April 1957
and was responsible for operational control,
dispatching, and servicing all DOD-owned
vehicles at NTS. Dispatch and other admini-
strative functions were accomplished in the
manner normally prescribed for any military
motor pool, except that weekly issue of vehicles
was made to some users on a continuing basis
when justified. Motor pool vehicles were
dispatched daily and provided a source of
vehicles when permanently allocated vehicles
were in maintenance. The vehicles were also
extensively used in support of the AEC.

e The FCSU vehicle maintenance shop provided both
maintenance service and repair for all DOD
administrative vehicles and electric generators
supplied to the Nevada Test Site. Maintenance
activities included removal of vehicles from
long term storage at the beginning of the
operation and placement of vehicles in long term
storage at the conclusion of thc operation. A
total of 86 generators, ranging in capacity from
1.5 te 75 kilewatts, werc on hand for assign-
ment. During peak periods of operation, a total
of 38 generators were assigned. Parts support
for the maintenance activities were provided by
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novmal 1issues and local procurement. The
maintenance shop was manned by one officer and
44 enlisted men,

The General Supply Branch, Supply Division,
FCSU, began opersations at the NTS on 18 February
1957; it was charged with providing depot-,
post-, camp-, and station-type supply support to
DOD/AFSWP-participating agencies and activ-
ities, including 50 test projects. Supplies
were requisitioned from military technical
service supply sources, the General Services
Administration, and REECo. A purchasing office
for an AFSWP account was located in Las Vegas,

The DOD Housing Office assigned accommodations
to DOD/AFSWP military and civilian participants
in the operation. Al assignments,
terminations, and related activities were under
the pgeneral! supervision of the Director,
Personnel NDivision, FCSU. Continuous
coordination was maintained with the REECo
housing office. Housing was assigned to the
p--rsonnel of the FCSU and Headquarters, DOD Test
Group, on a semi-permanent basis. Since they
were generally on duty at the site during the
entire operational period, project personnel
were provided housing as required in
coordination with tne commander of the DOD Test
Group. Personnel were housad &t Mercury,
Nevada, in dormitories, huts, and trailers.

The Commercial Traffic Branch was organized and
operated in counformity with a military base or
post traffic section. The branch provided
courier services to the Las Vegas Municipal
Airport, DOD Las Vegas Procurement Officer, and
Nellis Air Force Base; made commercial carrier
reservations for DOD personnel; handled packing,
crating, and shipping of DOD material; received
and processed incoming and outgoing shipments,
and traced and expedited cargo movements.

The Public Information Officer, Field Command,
AFSWP, was placed on temporary duty at the Las
Vegas Branch Office, AEC, so that he could carry
out the public information mission of AFSWP in
coordination with the AEC Public Information
Office.

The Deputy Surgeon, Field Command, AFSWwP,
directed and monitored the orientation and
training program for medical officers from the
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Armed Services. A total of 28 medical officers
participated in this program on the basis of 14
days temporary duty at the site for each
officer.

e In addition to the various groups previously
mentioned, other elements provided services to
base personnel. The Military Poclice Unit
enforced military directives and civil laws on
the Nevada Test Site. The unit consisted of one
Army militarv police officer and three enlisted
men. The Special Services Unit provided
recreational support to all DOD military and
civilian personnel, and managed facilities both
on and off the test site for sports and
educational activities. The Finance Unit pro-
vided travel and per diem allowances for all DOD
and military personnel at NTS, although regular
monthly pay was not handled by this unit.

The Field Commander, AFSWP, was able to augment manpower in the FCSU
with Army, Navyv, and Air Force personnel. A total of 13 officers and 147 enlisted
men filled specific positions. The Commanding Officer, Sandia Base, provided
military as well as civilian personnel tc perform specializea services. In
particular, the Finance Office at NTS received six enlisted men and one civilian
(during the peak operational period) and one typewriter repairman (during the
closing phase of PLUMBBOB). Four enlisted men reported for duty with the DOD
Medical Dispensary.

Based on the responsibilities of the FCSU, few individuals other than

the military police would be expected to enter areas containing radioactivity.

3.2.3 Air Force Special Weapons Center

As field headquarters for Air Force nuclear research and developiment,
AFSWC provided air support for the PLUMBBOB test scries. This support was headed
by the 4950th Test Group (Nuclear), organized at Kirtland AFB, NM, on | September
1956, to plan for and accomplish those portions of the nuclear test programs at
the Nevada Test 3site and the Enewetak Proving Ground for which AFSWC was

responsible.  This group participated heavily in the series (see Table 5-3):
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e Exercising operational control over aircraft
participating in or supporting atmospheric
nuclear testing programs

e Collecting particulate and gaseous samples

e Providing support for aircraft of participating
organizations through the 4935th Air Base
Squadron, Indian Springs Air Force Base (ISAFB),
NV

¢ Satisfying air support requirements of the AEC's
test orgsanization at the Nevada Test Site.

The 4950th Test Group was composed of a headquarters and four squadrons.
The group headquarters (4900th Air Base Group, Kirtland AFB, NM) supported
PLUMBB3COR by providing daily shuttle service between Kirtland AFB and Indian
Springs AFB. The four squadrons were:

e The 4926th Test Squadron, stationed at Kirtland
AFB. The squadron, in support of the AEC,
collected gaseous and particulate cloud samples
following nuclear detonations. As noted in
Chapter 6, members of this group received an
apprecziable radiation dose.

e The 4935th Air Base Squadron, located at Indian
Springs AFB, operated the air base and furnished
the test support aircraft. It provided housing,
messing, air base operations, security, flying
time for DOD personnel at the NTS, and limited
air support missions. Personnel augmentation
from AFSWC was provided so that the squadron
could accomplish these services. The nhormal
number of personnel (257) was increased to 410
for PLUMBBOB.

e The 4951st Support Squadron (Test) at Enewetak
Atoll may have furnished some support io the
tests. There is, however, no sure indication
that this squadrcn participated in PLUMBBOB.

e The 4952nd Support Squadron, essentially an
augmentation squadron, provided personnel to the
buildup for the operational and rollup phases of
the tests. .
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Test participants were required to sublmit air support requirements
through an Air Force cfficer assigned to the Test Director's staff. By this
means, any confliels which arose in the use of tne limited number of support
aircraft were resolved by an individual in the best position to determine relative
priority. The system also provided a means to ensure that civilian test
participants were properly authorized to fly in military uircraft. The effective-
ness of the planning, the operational procedures, and the flying safety measures

resultea in 90 percent of the scheduled test missions being flown as planned (2).

TABLLE 5-4
TEST AIKCRAFT UNIT TOTALS FOR OPERATION PLUMBBOB (2)

T.0O. & Landings Tot,gl Flying Time
4926th Test Squadron 1932 2669:45
NASWF 729 963:00
Documentary Photo 47 166:55
MIi-1 Project 62 85:00
WADC Element 134 125:10

Since certain units were based at Kirtland Air Force Base, the limited
resources available at Indian Springs Air Force Bese could bhe applied to the needs
of those units which had priority assignment for operational reasons. All units
participating on an operational and training basis were requested to provide the
4950th Test Group witr. copies of their operational plans and the aircrew briefings

to be used during the test (soe Table 5-5).

Most test and support aircraft operated from Indian Springs AFB.
Command supervision of the organizations operating from this hase was exercised by
g Deputy Commander of the 4950th Test Group responsible for supervising the
activities of the 4035t Air Base Squadron and the Test Aircraft Unit (Figure
5-24).

B S



Table 5-5.

Location

a. Indtan Springs AFB all helicopters, B-57 sampling aircraft, L-20s,
jet fighter types.

b. Kirtland AFB multi-engine prop-driven aircraft, B-50s, 29s, 36s, etc.

Security sweep aircraft and cartain helicopters were not expected to
penetrate contaminated airspace and no special procedures taken other
than pilots, passengers, and ohserver types wore film badges.

Multi-engine aircraft operating from Kirtland; trackers, long range cloud
trackers drop aircraft, etc. also had no special procedures for pre-shot
operations except as in number 2 above,

Sampling aircraft (B-57s) procedures

a. Pre-test
%) Load vilter papers
2) Final mechanical checks
3) Pilot briefings (2 per plane) as to orbit levels pre-shot,
expected cloud height, penetration times, nther aircraft, etc.
4) Ta:e off for pra-shot, afr set up etc., to be in position at
H-1 hour.

Penetration phare. Underground control for time altitude and number
of passes before returning to base. Oetermination of adequacy of sampie
for radiochemist~y was based on integrating dosimeter lacation in

the aircraft on basis of previous experience. All nilots were on

full internal oxygen priar to, during, and after penetration,

Cockpits were pressurized as normally done with no added special

filters on air intaxes pre- or post-compressor.

Landing phase, Afrcraft landed as usual, Aftar landing, aircraft
taxied to east taxi strip (Indian Springs AFB) which is farthest
strip from oparations area, and parkeu on the east edge of pad in pre-
Iacated area. E£ngines were shut down, but pilots remafned on full
oxygen (intarnal) and canopies remained closed and latched.

Forklift and oickur truck with sample removal team and R/S monirors
oroceed to aircrafe,

Sample removal team removes filter papers (via forkl1ift) and piaces
same in sample boxes. After removal and placing in sampie boxes
(shieidea) in pickup, forkl{ft proceeds to aircraft cockpit

Oxygen shutdown, 2anspy opened, and pilots evacuate afrcraft via
f?rk1ift without climbing on cutside of aircraft and transfer to
pickug.

Pickun proceeds to decontamination area where oflots off-load, tnen
proceeds to sample return alrcraft which then departs to UCRL and/or
LASL with courier and samples,

Pilots monitored at decontamination facility were the tc proceed
through full decontamination {strip down, shower, etc.), even though

no contamination may have been present. Clothing (normal flight suit)
hardled as recessary,

Atrcraft decontamination proceeds at aforementioned packi~g location,
Decontamination crew washes down aircraft externaily witn water (fire-
hose type) (canopy closed). Enqgines started and water (firehose)
allowed to anter engines; waste water soaks into desert off taxi
strip. Engines shut down; and wipe down of cockpit internally
necessary done, Aircraft returned to flight 1ine for necessary
maintenance, preparation for next flight, etc, Decontamination

levels same as in Rad-Safe operation order for vehicles, etc.

Helicopter procedures for nelicopters expected to be used 1n areas
of either contaminated airspace or contaminated ground space.

1} Pre-test interior of helicopte~ lined with strippable paper -
this taxes 2 days.

} - Test use phase - Passengers equipped with anti-contamination
clothing and respirators. Pilots in usual Flying attire.
Monitor 5n board. Dwnceade non miccinm and returns to chopper
area. Persons on board dismount, go to decontamination ares.

Proceed through decontamination if necessary.

“hopper checked for contamination - eaternal washdown it
necessary. internal area stripped ~f paper 1f necessary.

vecontamination levels same as for all vehicles.

BRIEF DESCRIPTION OF AIR OPERATIONS.(3)
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TEST AIRCRAFT UNIT
| WADC ELEM } TACTICAL ELEMENT
HELICOPTERS

4926TH
SAMPLING SON MB-1 DELIVERY

ELEMENT

NASWF
ELEMENT

AIR NATIONAL
GUARD ELEM

CLOUD TRACKER
(LOW ALTITUDE)

WADC - WRIGHT AIR DEVELOPMENT CENTER
NASWF - NAVAL AIR SPECIAL WEAPONS FACILITY

Figure 5-24. TEST AIRCRAFT UNIT ORGANIZATION.

The Test Aircraft Unit headquarters, manned by personnel of the 4926th
Test Squadron (Sampling), was responsible for the operational control of all
organizations and aircraft not permanently assigned at Indian Springs. Control of
these units was effected by conducting aircrew briefings, publishing mission
execution charts, scheduling flying activities, monitoring personnel radiation
exposures, operating fixed and mobile ground UHF radio equipment, and maintaining
a 24-hour operations section which kept all Test Aircraft Unit elements informed
of pertinent shot schedules. The 4926th Test Squadron (Sampling) deployed the
majority of their personnel to Indian Springs AFB to accomplish the required cloud
sampling, personnel dosimetry, and aircraft decontamination. During Operation
PLUMBBOB, pilots from the Strategic Air Command and the Air National Guard were
indoctrinated in cloud sampling techniques. A rear echelon of the 4926th Test
Squadron accomplished major maintenance and inspections of the Squadron's aircraft

at Kirtland Air Force Base.
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4926th Test Squadron (Sampling)

The 4926th Test Squadron (Sampling) was formed in April 1953 to fulfill
the AEC requirements for collecting gaseous and particulate cloud samples after
nuclear detonations (Sec Table 5-6). This unit handled all such sampling work
from Operation CASTLE at Enewetak in 1954 through the PLUMBBOB Series.

The unique mission of the 4926th Test Squadron (Sampling) is reflected
in its organization. in addition to executing the normal functions of a squadron
operating several different types of mission aircraft, the 4926th maintained a
Nuclear Applications section, w'ose primary function was to instrument and prepare
awircraft for nuclear cloud sampling. This section was also responsible for
removing the cloud samples from aircraft and preparing them for shipment to the
anpropriate laboratories for analysis. In addition, the Nuclear Applications

Section operated decontamination and personnel dosimetry facilities.

During Operation PLUMBBOB, all periodic inspections and controlled major
maintenance of ¥F-84G and R-578B aircraft were performed at Kirtland Air Force Base.
The average strength of the Kirtland Air Force Base detachment was one officer and
40 airmen. The strength of the forward element at Indian Springs Air Force Base

averaged 26 officers and 130 airmen.

During Operation PLUMRBRBOR, the following flight times applied (2):

Aircraft Flight Time (Hours: Min)
B-57R 796:05
F-84G 1,331:55
T-33A 541:45
Total Time 2,669:45

Of the total flying time, 175:45 hours were logged during test mission sorties.
Total number of sorties flown was 1,821, which included 161 test mission sorties.
A total of 1,932 take-offs and landings were recorded. There were seven ahorts
due to reasonsg other than shot eancellation.  During the cntire time of Operation
PLUMBRBQOR, the 4928th Test Squadron (Sampling) had no accidents or incidents,

Table 5-7 is a slatistical summary of this squadron's operations at PLUMBROR.
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T ab le 5- 6 SAMPLE RECOVERY AND SAMPLE RETURN OPERATIONS.
+  (This information s a copy of Appendix 5 10 Annex F of
Operations Ptan 1-67) (3)

1.  GENERAL.

This Appendix outlines the sample recovery and sample return operations to
be performed by the 4950th Test Group (Nuclear) during the operation.

2.  RESPONSIBILITIES. (C)

a. All cloud sample recovery operations will be the responsibility of the
Commander, 4950th Test Group (Nuclear) and will be performed as follows:

{1) The 4926th Test Squadron (Sampling) will:

(a) Designate a sample Recovery Officer to supervise all sample
recovery operations and control the entrance of personnel to the sample recovery
area.

Isolate the sample recovery area.

Park and secure aircraft.

Assist pilot from aircraft and remove all film badges.
Provide Rad-Safe moniters for sample recovery operations.
Provide personnel for the recovery operation. These

s s o,
-0 aOMn T
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personnel will:

1. Mark the cloud sample pigs by aircraftt number and
designate whether samples were taken from right or left tanks.
Roll films and insert them in pigs.
Read and record dose rates from pigs.
Package pigs in wooden crates as provided by UCRL

| Fjo|ro

and LASL.
Recover, mark, and crate AFOAT-1 sample bottles.

jon

b. In the sample return operation, the Commander, 4950th Test Group
(Nuclear) will provide to the Test Director through its subordinate units as
follows:

s w

(1) The 4926th Test Squadron (Sampling) will: !
(a) Provide facilities to transport samples from the sample «
processing compound to the sample return aircraft. :
(b) Load samples on return aircraft.
(2) The 4900th ABG Support Operations Officer at Indian Springs AFB,
in conjunction with the Test Director's Sample Return Coordinator, will:
(a) Brief sample return aircraft crews.
(b) Insure that top priority is given for the departure of the
sample return aircraft when released by the Sample Return Coordinator.
(c) Insure that aircraft commanders understand their
responsibilities for:
1. Placement of samples, tie-down, etc.
2. The expeditious return of samples to destinations,
consistent with flight safety.
3. Observing radio security.

3.  PROCEDURES.

Special detailed operating procedures for the implementation of the above
will be prepared by the responsiple unit. Copies of these SOP's will be for-
warded to the Commander, 4950th Test Group (Nuclear), ATTN: Nuclear Research
Officer, prior to 15 April 1957.

- . .
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Table 5-7. STATISTICAL SUMMARY 4926th TEST SQUADRON
(SAMPLING). (2)

May

(11) JF-84G

(6) B-578B

(2) T-33
TOTAL

Junn
JF-84G

4 B-578B

T-33
TOTAL

July
JF-84G
B-57B
T-33

TOTAL

August
JF-84G
B-578B
T-33

TOTAL

September
JF-84G
B-578B
T-33

TOTAL

to Cet 7
JF-84G
B-57B
T-33

TOTAL

TOTAL

MISSION TOTAL

SORTIES SORTIES TIME

AV TIME
PER _ACFT

MISSION OTHER

TIME

SORTIES

T.0. AND
LANDINGS

168
76
69

313

191:30
136:45
115:15
443:30

335:15
198:30
154:35
638:20

282:45

156:30

- 70:50
1 >

17.5
22.7
57.6
378

163
72
68

303

168
76
76

320

254

99
136
489

4926th TS
Totals for
Test

2669 :45
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At the request of Headquarters, U.S., Air Force, each of fourteen* Air
National Guard squadrons having secondary sampling missions was given special
training. Four officers and six airmen from cach squadron were ordered on active
duty for two weeks and were integrated into the operations, maintenance, and ’
nuclear applications sections of the 4926th Test Squadron (Sampling). Orientation - |
and familiarization lectures were given and an on-the-job training program
conducted to provide practical experience in aircraft instrumentation, particulate

. sampling, sample recovery, aircraft decontamination, and personnel dosimetry.

In the course of normal sampling misgsion operations, orientation,
indoctrination, familiarization, and special studies were conducted for various
U.S. Air Force and Royal Canadian Air Force personnel:

o Personnel from the 4935th Air Base Squadron and
from the Test Aircraft Unit were trained in
personnel dosimetry and precautionary measures.

crbat i kbt ey L

® Strategic Air Command pilots from Laughlin Air
Force Base, Texas, were given lectures on
nuclear cloud sampling techniques and radio-
logical safety. Twelve pilots participated on
actual cloud sampling missions as observers.

e Royal Canadian Air Force (RCAF) personnel, in
three groups of 25 each, were indoctrinated in
radiological procedures pertaining ic the
sampling mission. They observed the various

| phases of the operation and actually

' participated in aircraft decontamination

operations.

Wright Air Development Center (WADC) (Projects 5.5 and 53.7)

The mission of the WADC element was to determine the structural response

of in-flight F-89D aircraft to the blast and thermal effects of a nuclear

SRR Y 1 ok SR

Jdetonation. This information was required primarily for the purposes of
correcting or verifying the weapons delivery handbook for the aircraft and for
defining its dulivery capability. The WADC Element was composed of two F-89D

aircraft, =ix pilots (two of which were at the Nevada Test Site at a given time),

one enlisted man (supplyv sergeant), and seven eivilian maintenance men.

*Montara, ~New Hampshire, Illinois, New York, Ohio, Texas, Nebraska,
Oregon, Idaho, California, Arizona, Oklahoma, Delaware, Wisconsin.
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Both aircraft participated in most of the shots up to snd including shot
SMOKY (351 August 1957). The following flying times apply for the period from 12
April 1957 to 31 August 1957 (2):

Flying Time

(Hours) Sorties
Total Missions 125:10 134
Actual Shot Missions 30:30 29

There was only one abort during the entire period; it occurred on the STOKES event

(7 August 1957). Nbo accidents or incidents occurred during the operation.

TABLE 5-8
WRIGHT AIR DEVELOPMENT CENTER STATISTICAL SUMMARY (2)

Mission T.0. &
(2) JF-8YD Total Time Mission Time Av Time/Acft Sorties Landing
April 15:25 7:42 17
May 26.10 2:00 13:05 2 24
June 28:20 8:30 14:10 a 31
i July 29:35 12:00 14:50 11 37
August 25:40 8:00 12:50 7 25
TOTALS 125:10¢ 30:30 62:37 29 134

——

Naval Air Special Weapons Facility (NASWF) (Projects 5.3, 5.4 and 6.3)

aircraft.

investigated

The mission of the NASWF detachment was (o obtain daia on aircraft
response to nuclear hlast and thermal inputs for the A4D, FJ-4, and HSS-!

Since these aircralt represent threc genergl tynes not previously

(FJ-4, extremely thin swept wing aircraft; A4D, very low aspect

ratio; and HS8S-1, rotary wing), basic effects data was obtained in addition to

1o~
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specific data on these aircraft types. Generally, the effects prediction systems
proved reliable. Data was obtained to establish the delivery capabilities of the

A4D and FJ-4 aircraft for low yield weapons.

The NASWF detachment consisted of two A4-D aircraft, two FJ-4 aircraft,
one AD-5, one HS8S-1, one TV-2 (thirteen officers, 45 enlisted men, and 43 civilian
contractor personnel). It accomplished its mission without any accidents or
incidents. An average of 214 hours were flown each month from 15 April 1957 to 31
August 1957. Of this total, 118 hours per month (average) were logged during
mission or practice mission flights. There were seven aborts during the test
period; one A4-D standby mission due to aircraft control difficulties; and three
A4-D and three FJ-4 missions due to radar malfunction or interference from other

radar stations (2).

TABLE 5-9
U.S. NAVY SPECIAL WEAPONS FACILITY STATISTICAL SUMMARY (2)

Average Monthly Total Time
Flying Time Hours For Test

(2) A4D 35 157:30

(2) FJ4 45 202:30

(1) H8S5-1 38 171

(1) ADS 58 261

(1) TV2 38 171

TOTAL 963

Average Mission and Practice Time Per Month 118
Total Mission and Practice Time for Test 531
Average Total Time per Month 214
Average T.0O. and Landings per Month 162
Total T.0. and Landings for Test 729
Average Sorties per Month 143
Total Sorties for Test 644
Average Mission or Mission Practice Sorties per Month 54

Total Mission or Mission Practice Sorties for Test 423




MB-1 Element (Genie) (Shot JOHN)

The mission of the MB-1 Element was to test--scientifically--a "live"
air-to-air nuclear rocket and to collect radiation data for operational and
scientific planning. The MB-1 Element consisted of two F-89J aircraft, permanent
project personnel (eight officers, four airmen, and ten civilians from Northrop)
plus temporary personnel who were on site two weeks or less (two officers, two
airmen, and four civilians from Douglas, Hughes, and Northrop). The first fighter
delivery of a live nuclear rocket in U.S. history was achieved on 19 July 1957.
From 28 May 1957 to 26 July 1957, the two F-89J aircraft assigned to the project
flew a total of 170 hours. From 14 June 'n 26 July, each aircraft crew flew two
sorties per day. A 99,25 percent aircraft-in-commission rate for scheduled
missions was achieved. One practice mission was aborted. No accidents or
incidents occurred during the period of the project.

TABLE 5-10 (2)
MB-1 PROJECT STATISTICAL SUMMARY

28 May to 26 July 1957

{2) F-844J

Total Flying Time 85:00
Total Mission Time 2:30
Pro-rated Average Monthly Time/Aircraft 22:00
Total Sorties 62
Mission Sorties 2
Practice Sorties 60

Total Take-offs and Landings 62

B
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21st Helicopter Squadron (Detachment #1)

The mission of this unit was to conduct radiation surveys at the test
site; recover rockets in remote and otherwise inaccessible areas; provide taxi
service in support of nuclear tests, handle search and rescue service, and do any
other necessary, special helicopter flights within operational capabilities. The
2ist Helicopter Squadron was a unit of the 314th Troop Carrier Wing, Medium,
Sewart Air Force Base, Tennessee. The squadron consisted of an average of seven
H-21 helicopters, eleven officers, seventeen airmen, and one civilian. Squadron
aircraft and crews flew a total of 737:43 hours, of which 695:03 hours were logged
during mission sorties. A total of 745 mission sorties were {lown. Aircraft
flying time on & 30-day average was 143:35 hours. There were only two aborts
during the operation. No accidents or incidents occurred (2).

4935th Air Base Squadron

This squadron furnished normal air base operations services to aircraft
participating in or supporting the test, [In addition, flying time was furnished
to attached rated personnel, while aircraft and crews were furnished for security
sweeps, rocket nose cone segrches, sampler controls, sample returns, cloud
trackers, and photo missions. The Base Communications section (which was a part
of operations) provided long distance, Kirtland hotline, teletype, Western Union,

commercial TWX, and cryptographic facilities for test and test support units.

5.3 AFEC OPERATIONS WITH DOD INVOLVEMENT

The AEC's test programs measured the intrinsic aspects of nuclear
devices. Their diagnostic measurements werc directly related to the problems of
weapon development. Generally, weapon (or device) diagnostics are considered in
totality. Of primary importance is, of course, yield. Yield is, in final
analysis, a3 measure of the efficiency of the system. During Operation PLUMBBOB,
therc were four main test groups active with AEC test programs (Figure 5-25): Los
Alamos Scientific Laboratory, University of California Radiation Laboratory,

Livermore (UCRL), Sandia Laboratory, and Project 37.
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The AEC weapcns laboratories, LASL and UCRL,* utilized the test site for

field testing nuclear devices, nuclear weapon proof-testing, and special tests of

———"

nuclear materials regarding theory and safety. These laborator:es primarily

developed nuclear ~eaponry for incorporation into militarily useful systems. To '

develop systems for nuclear weapons it is necessary to consider the functional

aspects of the weapon itself. Within their various programs, LASL and UCRL
measured and analvzed their nuclear devices or weapons. Both LASL and UCRL
measured yleld with proven methods, including fireball photography, bhangmeter
measurements, alpha measurements, and radiochemistry.

In addition to the usual measurements made for yield determination, each
laboratory had specific experiments tailored to a

specific detonation. In
general, these experiments nvolved the nuclear reaction histery. The
laboratories utilized both their own personnel as well as those of subcontractors

For example, LASL used the Naval Rescarch Laboratory in
one group of studies. Similarly,

§
? #nd other organizations.
\ the UCRL effort was concerned with the samc

investigations. The final analysis of the experimental results was a function of

the laboratory itself using the measurements made internally or by a laboratory
contractor.

AL

The overall list of AEC projects for PLUMBBOR is given in Appendix

Many of these projects required onsite recovery operations. These were

usually conducted by laboretory and associated personnel under the control of the

Test Director's Rad-safe organization. Most were non-DOD civilian laboratory

personnel whose recorded exposures are not a part of this document.

Some DOD '

involved in these recovery

personnel, on assignment to the laboratories, were

onsrations. In general the only measurement (other than radiochemistry) that

required prompt entry into radioactive areas was the

pickup of films for
In cases where radiation dose rates were too high,
the films could not be recovered immediately.

estimation of alpha radiation.

*LASL and UCRL were both operated for the AEC by the University of California.

VCRL is now l.awpence Livermore National Laboratorics. RBoth are operated for DOE
hy the University of Cilifornia at Berkeley.

= . e e e e
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After a8 weaponry system has been conceived, there must be a merger of
the nuclear device and system components to produce an efficient and practical
weapon. Building this system into a practical weapon is the primary concern of
the Sandia Laboratory at Albuquerque* which concentrated¢ on the non-nuclear
components of weapons. Through the use of firebsll studies and weapons
vulnerability tests, Sandia tested the reliability and adequacy of the design ef
weapon components.

The first concern with the development of nuclear weapons and weaponry
systems is safety. During Operation PLUMBBOB, LASL and UCRL sponsored certain
safety tests to verify the weapons' reliability with respect to safety.

In December of 1956, the AEC Albuquerque Operations Office, with the
sanction of the Division of Military Application (DMA), asked Sandia Corporation
to arrange an extensive experimental program to evaluate plutonium contamination
from a ncn-nuclear one-point detonation--a test where a particular nuclear device
is detonated at one warhead location rather than at multiple locations. Plutonium
i3 a serious radiological hazard when deposited internally in much smalier amounts
than would cause chemical damage to iissues as a "heavy metal poison.” Sandia
accepted and set up Project 57 to perform the experiment. Sandia also appointed
the Test Director; he called together representetives of participating
organizations to rule on a choice for the test site and to formulate the first

experimental plans for this Froject 57.

An area adjacen’ to and northeast of NTS, (just northeast of Area 10,
Figure 5-26), was borrowed from ihe Air Forc~ for a 200-day period and designated
as Area 13. Seveniy square miles of the valley area and 100 scuare miles total
were surveyed for instrument and fallout coliector locations. Radiocheniical
anaiysis of earth samples confirmed the belief that there was an insignificant
piutonium background from previous test operations. 7The one-point detonation was
made at 0627 on 24 April 1957 in Area 13. A non-nuclear device was detonated to
cregte conditions for conducting studies iv. Plutonium (Pu) contamination,

biological effects, and alpha decontamination procedures. The device had no

*Sandia was cperated for the AEC by the Sandia Corporation, a unit of the Beun
System.
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nuclear yield. Sandia Corporation provided direct operational support to Project
57 before and after detonation, as well as normal Rad-safe support to all test
personnel, until completion of the experiment. REECo provided all Rad-safe
support to Project 57 in Area 13 (and considerable operational support to Sandia).
Projeect 57 performed four safety programs, 71 (Particulate Physies), 72
(Biomedical Field Study of Plutonium Inhalation), 73 (Plutonium Monitoring), and

74 (Surface Alpha Monitoring).

5.3.1 Lecs Alamos Scientific Laboratory (LASL) Programs

The following list summarizes the LASL programs that were active during
Operation PLUMBBOB (see Table 5-11). A more detailed description is precluded by
the classified nature of these projects. Most of the station locations mentioned

are shown in Figure 5-26.

® Program 10 - Hydrodynamics. This program
consisted of two projects: 10.1 (Fireball
Analysis) and 10.2 (Time of Arrival). It
consisted of fireball studies in which photo-
graphic techniques were used to determine yield.
EG&G carried out this work for LASL. Stations
were fixed and used as necessary for a
particular event. Recovery was required and may
have taken place in radiological exclusion
areas, depending on post-shot survey results.
Program 10 was active for the following shots
and at the following stations.

BOLTZMANN Sta 9-356 372; G-15-5006
FRANKLIN G-15-5007; 3-356; 372
LASSEN 372

WILSON 372

PRISCILLA ¥ 361; F 1362; 372
HOQOD 372

DIABLO 372

KEPLER 4-357; 7-357; 372
OWENS 372

STOKES 9-356; 7-357,; 3172
SHASTA 372

DOPPLER 70357; 9-356; 372
FRANKLIN PRIME 7-357: 9;356; 37¢
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Table 5-11. LASL TEST GROUP PROQJECTS CONDUCTED AT OPERATION
PLUMBBOB SHOTS (1957)*

PROGRAM Program 12 Progeam 14 Prageam 17
Frogram W Program 1 Dagnostic Program 12 itw Program ¥ Elsctro. Program 18 Program 1§
Hydro Ravio Neutron Gamma Ray Instrument Progtam 15 Bhangmeter magontic Thermal Vuingrabitity
SKOT dynar. o3 istry D Ph. Spectroszopy Strudies
PROJECT 57
BOLTZMANN 101 1 121 131 14 151 6.2 17.1 18.1
W2 "2 122 13.2 15.2 18.2
124 133 18.3
184
FRANKLIN 10.1 11 122 131 14 151 16.2 171 18.1
102 nz 12.4 132 152 8.2
18.3
8.4
LASSEN 101 6.2 171
10.2
WILSON 101 14 16.2 171
102
PRISCILLA 10.1 AR 122 131 151 16.2 171 18.1 19.1
10.2 n2 2.4 3.2 15.2 182
183
184
COULOMB A 11 123 131 15.1 171
Satety Eajseenmgne "2 132 15.2
HOOD 101 nt 131 16.2 171
102 1.2 i32
DIABLO 101 1M1 131 14 16.2 171
10.2 1.2 132
JOHN 111 16.2 173
1.2
KEPLER 101 ot 12.1 134 14 HBa 16.2 171 181
102 1.2 122 132 152 16.4 18.2
124 133 18.3
18.4
CWENS 101 16.2 171
w2
PASCAL A 123 131 171
stets § e e 132
STOKES 01 11 2.2 AER 161 6.2 171 181
102 n.2 124 132 152 8.2
183
184
SATURN

Saatety Epuermer b

*Bold pnnt indi.ates projects with DOD participation
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Table 5-11. LASL TEST GROUP PROJECTS CONDUCTED AT OPERATION
PLUMBBOB SHOTS (1957) (Continued)

h
i !
!! PROGRAM Progeam 12 Progres 4 Program 17 i
i Progrem W Program 1 Diagnostic Program 13 New Program W Eecwo- Program 16 Program 13 A
3. Hydro- Radio- Neutron Gamma-Ray strumem Progeam % Bhangmetst magnetic Thwrmet Vubnerability {
e SHOT C Y L ™ . L Spectroscopy Studims |
I SHASTA 101 11 14 16.2 17 }
‘ . 10.2 1.2 i
- |
DOPPLER 10.1 1.1 12.2 13.1 15.1 16.2 17.1
10.2 1.2 12.4 13.2 15.2
PASCAL B 12.3 131 171
Satey Exprrrment 13.2
FRANKLIN 10.1 1.1 122 13.1 15.1 6.2 17.1
PRIME 10.2 "2 12.4 13.2 15.2
SMOKY 101 1.1 16.2 17.1 -
10.2 1.2 T
i GALILEO 10.1 1.1 122 13.1 14 15.1 16.1 17.1 i
10.2 1.2 12.4 13.2 16.2 162 1,
WHEELER 13.1 71 :
13.2 !
COULOMB B 10.1 1 12.3 1231 15.1 :
Safety Eapenmen 10.2 1.2 13.2 15.2 i
!
LAPLACE 0.1 1.1 12.4 13 15 1 1.2 17.1 A
102 n.2 13.2 15.2 Co
i
FIZEAU 101 111 12.2 131 151 162 17.1 L
102 1.2 12.4 13.2 16.2 I
b R
NEWTON 10 1 1m1 12.2 131 151 16.2 17.1
102 "2 12.4 13.2 152 S
133 s
) RAINIER .
WHITNEY 14 16.2 i
CHARLESTON 16.2 Eo
MORGAN 101 16.2 P
10 2 s




SMOKY 372

GALILEO 1-355; 1~356; 372 i
COULOMB B 3-357 _ §

. LAPLACE 7-357; 9-356; 372 .
FIZEAU 3-356; 3-357; 372 f

) NEWTON 1-355; 3-355; 372

L MORGAN 372 C

N i

['ﬁ e Program 11* - Radiochemistry: This program :

consisted of Project 11.1 (Radiochemistry
Analysis) and 11.2 (Radiochemistry Sampling).
AFSWC performed the sampling and LASL performed
the analysis, which resulted in the final
determination of yield. The AFSWC portion of
this PLUMBBOB report describes the Air Force
sampling efforts which supported this program.
Program 11 was aclive at 17 shots.

B

e Program 12t - Diagnostic Neutron Measurements -
consisted for four projects. Project 12.1 and
12.2 were reaction studies which required
personnel to enter contaminated areas to recover -
the experiments. Special measurements were
required on BOLTZMANN and KEPLER. In these
cases, a special cable extended 2,000 yards from g
ground zero. The cable was pulled from the
2,000-yard point to an area of sufficiently low
radiation intensity so that retrieval was
possible. Project 12.3, =2 special study
performed at safety shots only, gave some
estimate of vyield. Project 12.4 was another

S reaction study but, unlike Projects 12.1 and ‘

12,2, it presented no recovery problems. ;

Program 12 was active for 15 shots. :

P PR

e I b iy o

i e Program 13§ - Gamma Ray Measurements - nrovided
basic early vyield estimates and reaction
history. Project 13.i (Alpha Yield Estimates
and Reaction History) was supported by EG&G and
required personnel to enter contaminated areas :
to recover experiments. Neither Projects 13.2 '
(Telemetry} nor 13.3 (J-13 Explorations), both .

supported by Sandia, required recovery efforts :

in contaminsted areas.

*Reference LASL J-11 ietter reports. ;

tReference LASL J-12 letter reports.

§"Diagnostic Mleasurements on Operation PLUMBBOB," LAMS 2772,
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serviced both before and after events, and blockhouses permanently installed from

which post-shot recoveries were required.

All telemetry information obtained from Sandia measurements of reaction history
was received at Station 311. In addition, there were other experiments that fell
under Program 13; certain LASL experiments were placed in Program 13 even though
in specific cases they involved neutron diagnostics.
are the special gamma ray studies by LASL at BOLTZMANN and DOPPLER. Program 13

The stations used by EG&G consisted of detector locations, which were

1-300
4-300
7-300 Blockhouses
F-300
3-300

1-480 Collimated blockhouses
4-480

7-300

F-301 Detector locations
3-301

T-3 Tower detector location
U-3d Underground detector location
U-3j

3A-302
3A-303 Surface detector locations
3A-304

was active at 18 shots.

Program 14 was involved with new instrument
develcpment by LASL which had to do with radio~
logical monitoring. This did not require entry
into contaminated areas. Program 14 was active
at eight shots.

Program 15 - Photophysics - analyzed the nuclear
reactions using photographic techniques and
required no recovery efforts in contaminated
areas. It consisted of Project 15.1 (EG&G
Photoephysics) and Project 15.2 (LASL
Photophysics). Photos were made from existing
stations and bunkers. This involved recovery of
film. These stations were:

Station identification was:

Of interest in this respect




BOLTZMANN Station 7-15-5006
FRANKLIN Station 3-15-5011

~rma -

KEPLER Station 7-15-5005
' ; KEPLER Station 4-380 L
{ KEPLER Station 4-390 :
b ! DOPPLER Station 1-390
. GALILEO Station 1-390
e LAPLACE Station 1-355
A NEWTON Station 1-355

Naval Research Laboratory personnel participated in this program for shot KEPLER.

Program 15 was active for 13 shots.

® Program 16 - Bhangmeter Measuremnents - produced
yicld measurements and required no recovery
operations. Project 16.1 involved Area 1 ‘-
Measurements; Project 16.2 involved Portable
recorders;* and Project 16.3 involved Area 4
lleasurements. [nformation was obhtained trom the
EGa&G bhangmeter station at the CP, which !
operated at all events.  Additionally, station !
locations varied from the CP to Kingman,
Arizona; Los Alamos, New MMexico; and other
remote areas. Personnel participating and
operating the telemetry equipment were military.
This program was active for all shots with the
exception of Project 57, COULOMB A, PASCAL A, :
SATURN, PASCAL B, COULOMB B, WHEELER, and ;
RAINIER. X

¥

® Program 17 - Electromagnetic Measurements -
concerned the long-range effects of electro-
magnetic pulses (EMP) and consisted of one
project, 17.1. Fxperimentation was conducted at
long distances and required no recovery efforts
in contaminated areas. Program 17 was active at
alt shots oxcept Project 57, SATURN, COULOMB
R, RAINIER, WHITNEY, CHARLESTOHN, and
MORGAN.

! ® Program 18 - Thermal Radiation and Spectroscopy
consisted of four projects. Project 18.1, i8.2,
and 18.3 were pertormed by NRL for LASL.
Project 18.4 was performed by LASL personnel.
Recording for this program was done at Station

*Reference LASL J-16 letter reports,
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J11 and at a

second (unknown) station. This

program was accomplished at some distance from
the contaminated areas, and so required no
recovery efforts in contaminated areas. Program

18 was active for five shots.

Program 19 - Vulnerability - entailed a specific

experiment on the proximity of one weapon to
another. It presented no recovery problems.

This program
only.

Program 21 -

was active for shot PRISCILLA

5.3.2 University of California Radiation Laboratory (UCRL) Programs

The following list summarizes the UCRL programs during Operation
PLUMBBOR (see Table 5-12).
classified nature of these projects. The station locations mentioned are shown in
$ Figure 5-26.

A more detailed description is precluded by the

Radiochemistry ~ had the same

objectives as the LASL Program ll--to determine

the yield of

the device. It consisted of

Projects 21.1 (Analysis), 21.2 (Sample
Collection, and 21.3 (Rocket Sampling). The
procedures were exactly the same as for LASL
except that sample measurement was doné at UCRL
rather than at LASL. In addition, UCRL used
rocketry to collect samples from the JOHN event.
Program 21 required no ground recovery near GZ.
It was active for 14 shots.

Program 22 - Reaction History/Electronic - was

divided into

four projects: 22.1 (Nuclear

Radiation Measurements); 22.2 (Remote Technique

Development);
(Development

22.3 (Telemetry); and 22.4
Experiments). This program

required personnel to enter contaminated areas
in order to recover experiments. UCRL methods

were somewhat
only station

different from LASL methods. The

identified is the CP bhangmeter

station. Program 22 wac active for 12 shots.

Program 23 - Reaction Histo:y/Photo - required
personnel to enter contaminated as to recover

experiments.

It consisted of three projects

23.1 (Flow and Capacity), 23.3 (Ball and Fire,
Bhangmeter, EGAG), and 23.4 (Cloud Photography,
CGaG). UCRL methods were soimewhal different
than LASL methods. The fireball results were

obtained at

staticn 372 and possibly other

locations. Program 23 was active for 12 shots.
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Tabie 5-12. UCRL TEST GROUP PROJECTS CONDUCTED AT OPERATION
PLUMBBOB SHOTS (1957)*
PROGRAM Program 23 Progeae 2 PROGRAM Prograer. 2 Program T
Aenctran Fisvction Progrom 28 Pegctien Ranction Prigeem B8
Frogrem 1 Hintory Histary . Undargreund Progisen 21 sy Himwmery . Undarground
SHOT Radiao hamistry B tronic Phato Yordd/ Eftacts SHOT Radivchamintry! Elecrcm: Pnoro Viekd! EHects
PRQJECT 57 SHASTA 211 r-al 231
n2 2.2 233
23 2.3 234
24
BOLTZMANN DOPPLER 211
22
FRANKLIN PASCAL B
Sadety Experement
LASSEN 211 221 231 FRANKLIN 211
12 n2 n3 PRIME 212
23 234
24
WILSON 211 213 231 SMOKY 211 2.1 231
212 2.2 233 2 22 233
23 34 n3 23 234
4 2.4
PRISCILLA bR 23.1 GALILED 21t
2.2 33 n2
23 34
24
COULOMSB A WHEELER 211 21 T 230
Satery Eroerenert n2 2.2 B3
23 34
24
HOC O 211 21 231 CouLOMB B
212 22 233 Satety Expervnen
n3 23 234
24
DIABLO 211 z Pl LAPLACE
n2 222 33
23 234
24
JOMN 211 FIZEAU
1.2
213
LEPLER NEWTON
OWENS 21 2 Pl RAINIER pr %5/ %
FAR n?2 233 222
23 24 23
24 24
PASCAL A WHITNE Y 211 21 231
R S 21.2 porgrs 233
213 23 734
224
STOKES CHARLESTON 21 21 231
na 272 233
203 23 233
24
SATURN % MORGAN PAN pr 230
Satet £ alr b- X 0.2 22 233
213 23 34
pra
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Program 25/Program 26 - Underground Yield/ Under-
ground Effects - measured yield and effects of
underground shots. These programs involved only
the RAINIER event. They were UCRL programs but !
were performed primarily by Sandia Corporation }
and were the Armour Research Foundation under
the auspices of UCRL. Recovery was on a delayed
basis depending on the radiological situation.
.. (Some recovery work took months to perform.)
i The following civilian agencies participated in
Program 26: U.S. Geological Survey, Broadview
Research Corporation, Sandia Corporation,
. Stanford Research Institute, and U.S. Coast and
N Geodetic  Survey. The following military
2 agencies participated in Program 26: U.S. Army
Engineer Research and Development Laboratories
and Ballistics Research Laboratory. (Metho-
dology checks for Projects 26.1 and 26.4 were
] performed on shot SATURN).

5.3.3 Sandia Programs

During Operation PLUMBBOB, both functional and support programs were
sponscred and performed by Sandia Corporation (Table 5-13). Those functional
projects performed by Sandia were grouped under Program 41 which consisted of
three projects: 41.1 (Fireball Studies), 41.2 (Weapons Vulnerability), and 41.3
(Neutrons versus Altitude). Those projects for which Sandia provided a support

function were grouped under Program 64 (discussed later).

Project 41.1 - Fireball Studies (209;97)

-y

Project 41.1, which was active for shots BOLTZMANN, SHASTA, and
FIZEAU, had the following objectives: to explore material properties in the
vicinity of a fireball, to explore weapon component properties in the vicinity of
a fireball, and to advance the basic understanding of fireball physics. Recovery

operations were not required.
Project 41.2 - Weapons Vulnerability (209)
The ohjectives of Project 41.2 were to increase the general knowledge of

the possible vulnerahiity of nuclear weapons to nuclear bursts and to demonstrate

the ability of Sandia Corporation to build a tough nuclear device as similar as




i Table 5-13. SANDIA PROJECTS AT OPERATION PLUMBBOB"

|
»
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= e > &
g - £t e g, - 8 ] 8
¥ £ 3 28 - s ¥ H s 2 i
- s = L z 1 . e 3 - H 1 a S {
H & , > = .2 S z z -
K] 3 i -+ ) g ' g ' £ £ . £ "
3 ~3 -3 -c "‘.: L¥] - £ e o o= »E |
: 8 | =C | ze | 32 35| 3% ) 3T 63 ) eS| €5 | kS
; 5% %9 ] v § g3 b %0 2 *c &% 8z
: s3 s e: 82 23 L ¥ 23 ag as a8 55 *
; SHOT 3K 3] o3 ] 3H g3 e8 g% 83 23 5 3
i aa 4 4 aZz aa ca &2 ada aa [ 4 a a0
i .
. : PROJECT 57 n n Fe ) 7
1 N E
’ BOLTIMANN 4 6z 64 3
" FRANKLIN a2 64 3
e LASSEN e 642 843 6a
i WILSON 412 s 52 &8 3 644
§ PRISCILLA 64 642 643 &4 4
i
4
COULOME A 642 63
Sy, Eapererar
! HOOD 641 642 6412 64 4
2 DIABLO 4.2 543
§ JOHN
—
KEPLER 61z o4 3
!, OWERS 64 62 643 64 4
: PASCAL A 642 643
Rty Late ST
STOKES 641 642 643 644
SATURN 643
R Y s
SHASTA ES R 41 2 64 2 643
DOPPLER 64.9 642 o4 3 634
PASCAL B 642 643
Bty Lazae e
L FRANKLIN [ 642 643 644
T PRIME
SMOKY 642 543
GALRED 642 6413
. WHEELER 641 642 643 64 4
COuULOMB B 642 643
St D age et
- —
LAPLACE 641 643 544
FIZEAU a a2 602 543
NEWTON 64 w2 68 3 o4 4
i
R RAINIER 643
! WHITNEY B 2 64 3
! CHARLESTON B4 2 642 64 4 :
k MORGAN 641 64 = 643 614
l *Bold ornt ). _ates propects with D0 pantcgston
t —ae
105
L_andi - -y ~w -




e e St

s DRl aedhe & 4

v,

possible to an operational nuclear device. Project 41.2 was active for shots

SHASTA and FIZEAU and was intimately connected with Project 41.1. For FIZEAU, the

toughened devices were located atop television towers within several hundred feei
of the FIZEAU device.

Rock butte.

For this project, the recording station was located on Red

Project 41.3 - Neutrons versus Altitude (209;141)

The objective of Project 41.3 was to determine the effect of ground
terrain on the measurements of free-field neutron flux during the WILSON event.
The experiment was conducted by attaching foil detectors on the ground and on the
vertical mooring cables of polyethylene ballooas. This pioject required post-
shot recovery cof foils suspended from tallocn cables at the follewing locations:

900 feet from ground zero to a 700-foot sltitude

1.800 feet from ground zero to a 1200 -foct altitude
2,700 feet from ground zero to a 1500-foot altitude
3,600 feet from ground zero io a 1500-foct altitude.

5.3.4 Projact 537 Programs

Project 57 performed one non-niuclear special shot
PLUMBBCH (139). It had four programs:

Field Study of Plutonium Inbalaticn),

dquring Operation
71 (Particulate Physics), 72 (Biomedical
73 (Plutonium Monitoring), and 74 (Surface

Alpha Monitoring). DOD personnrel were deeply involved in Project 57 activities.

e AFSWP, through REECo, suppliad Rad-safe
monitors (334).

e Military supp’ied veterinarians for Program 72
(336).

® AFSWC conducted Program 73 (137), while Desert

Rock Rad-safe personnel participated in Program
73 (286).

e Hilitary organized Program 74 perscnnel (1U6).

These DUD personnel 2ntared areas contaminated by the Project 57 detonation while
performing program-related uactivities, A

aview of the special Ra- safe
procedures for Projccet 57 follows the program dascriptions.

v
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Program 71 - Particulate Physics (260;121)

This program was intended to:

e Measure the levels of plutonium on the surface

and in the air as a8 function of time after
detonation

e Construct a fallout pattern/model for the
particular nuclear device used 8o that it might
be used for any wind pattern

Check and compare fracticnation characteristies
of plutonium fallout with uranium fallout

e Consider the physical nature of the fallout
particulate--size, shape, and distribution.

The experimental approach used was the distribution of more than 4,000 sticky pans

over an area of about 43 square miles. Air samplers, balloon-borne precipitators,

soil samples, and photographic methods were used to salisfy the otjeztives.

As a
rasult of Program 71,

isoconcentratinn contours o:. alpha contaminstion were

The sticky pan contours werz deemed of sufficient quality to permit
planning for accidental situations.

inferred.

The maximum air concentration levels of alpha

contaminants were at 5,000 feet from the detonation. The nature of the

measurements suggested tnat the spatial widith of the region of high air

concentration was small and that only a very narrow spike-like region could have
received siguificant airborne contamination bevond 5000 feet.

Program 72 - Biomedical Field Study of Plutonium Inhalation (260;336)

This program studied environmental

short-term and chronic rates and
persistency of plutonium debris

resulting from subcritical bursts, It

also
studied the rate of environmental

decay of plutonium in selected areas of
This program required the exposure of a group of aninsls to the
radioactive cloud to test the cffects of acute exposure.

contaminsation.

To examine the effects

of chronic exposure, a larger group of 70 to 80 animals was placed in the

contaninated zone., Autopsies of the animals suggested that acute esxposure is a

muer qoore significant factor than chronic exposure, at least

for dusty desert
This conclusion was suspect, however, since the air samples and wind data
taker: had not been andlyzed,

arens.

[

L

S

c .
s At A

et e e




e Lt 11 e e i P

-—_"n:--—-‘*

Program 73 - Plutonium Monitoring (260;137)

This program studied and developed methods and techniques for decon.am-
inaticn of large surface areas contaminated with Plutonium as a cecult of a
ona-point detonation. In particular, deconiwamination techniques were wnve:stigated
with regard tn plutonium removal frcm large land surface areas in the test ureas,
concrete and asphalt pads of reasonable size, and materials used in equipment and
building construction such as concrete, wood, stucco, brick, aluminum, ard steel.
Several decontamination techniques were used such as washing, vacuumirg and steam
cleaning, plowing, leaching with water, and fixation with subsequenl removal of
land suarface areas. The results of the program suggested that natural factors
caused rapid decreases in contamination level:. Repeated surface monitorings
suggested that thoe contamination level of smooth surfaces decreased by a factor of
10 by D+7 days. Soil contamination deereased Ly a factor of 15 by D+7 deys and 40
by D+24 duys. Sampling stations north of grcund zero indicated an average
concentration of 35,000 disintegrations per minute per cubic meter at H+3 hours.
Samples taken at H+7 hours sugges.ed that the airborne contamination wvas reduced
by as much as a factor of 100 by H+7 hours. The numerous decontamination

techniques used had varying degrees of success.

Program 74 - Surface Alpha Monitoring (260;108)

This program correlated alpha monitoring data from sticky pan
experiments with field survey data from broom-firished concreie slabs placed
throughout Area 13 adjacent to the sticky pan collectors. The sticky pan
collectors wuere used as  uniform monitoring surfaces and principal survey

references. Measurements were made on the soil and brush as well.

Rod-safe Procedures for Project 57

A precise estimate of degree of hazard likely to exis! in the detonation
ared wus unknown, but it was recopnized that this could be severe, oarticularly at
locations close to the de.oration point and at times shortly after the detonation,
Ot particular concorn was the possibility of breathing airborne weaporn material
which posed an internal alpha radiation hazard,  In addition, it was expected that

a great deal of physienl labor would be required to accomplish the tasks of the




Test Grcup. Consequently, the radiation safety requirements specified that the
minimum degree of opersonnel protection necessary until the levels of hazard

decreased, would be:
¢ Full protective clothing
e All openings in the clothing tapcd to the skin
e Full-face respirators with high efficiency fiters.

A problem with {he heavy respiratory protection was the difficulty in
breathing during hard physical laber. Consequentiy, it was cdecided that field
crews would receive supplied-air respirators for Program 72. Air supplied to the
crews had a higher pressurc than the ambient atmosphere. Ther=fore, any leaks in
the protective garb would be outwards and would orevent breathing of contaminated
air. After information was accumulated regarding the cxtent of hazard in the
target area, it was decided that use of supplied-sir respirators was no longer
required. Field rersonnel were given the option of supbnlied-air respirators or
full-face filter respirators. Most personnel chese the latter. As restrictions
were further reduced, hralf-face respirators with high efficiency fdters were
considered &acceptable except for areas in which tre plutonium contamination
exceeded 100 micrograms per squure meter. The supplied-air respirators werce the
sole responsibility of Program 72, but REECo allowed full use of faciiities tu the
extent of supplying air and =quipment decontamination. [n all other aspects of
radiation safety control, Program 72 madc complete use of full protective

clothing, monitoring, and decontamination facilities.

REECo provided direct operational Rad-safe support to Project 57. Prior
o N-Lay for the safety shot, a temporary personnel decontamination builaing was
crected beside the access road into the test area. The basic facilities of the
huilding dupliested those of CP-2.  Supplies of radiation detection insteuments,
protective clothing, and equipment were stocked, The buldding aiso contained an
issuce room, shower stalls, and a dressing reom with benches and clothes hangers.
All personnel entering or leaving the area were required to pass through the
building. A dhiagium of the decontamination building is shown in the REECo
Radiologicel Safety Renorts (334). A two-foot wide wooden approach wnlk was
constracted and  covered with Kpeaft paper. Containers were provided for the
disposal of protective celothing. Parking lots for contaminated venicles  were

established  dinside the aren northwoest of  the building., A parking space for
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uncontaminated vehicles was available south of the building., West of the bhuilding
on the contaminated side of the barbed wire fence, three tables were instalici for
packaging fallout trays and soil samples for shipment off site. A 350-gallon hot
water supply was installed to provide the necessary hot water for the personnel

decontaminstion facility.

Area surveys by REECo were performed with the fol.owing portable
instruments: Beckman MX-5, AN/PDR 34, Eberline PAC 1-A, and Nuciear Chicago Model
2111 (Pee Wee). Sampling equipment consisted of air samplers, impactors, and
fallout trays. The problem of possible cross-contamination and contamination of
personnel who collected the steel fallout trays was solved by using magnetic
pickup devices with long handles. These pickup devices were actuated bty six-volt

storage batteries.

REECo provided a major sunport function through the placement of trays
coated with fresh adhesive and the replacement of aged t(rays in order to provide
maximum particle collection efficiencies. Approximately 15,000 trays were sprayed
and set out. These trays were unflanged nine-inch squares of sheet steel coated
with an adhesive. The area covered by the tray placement teams measured approx-
imately 8 by 13 miles. Trays were placed and recovered during a period of 22 days
from D-20 to D+2 days. The area covered by the map was divided into four zanes
(A, B, C, and D). A fallout tray stake and platform was established at each
intersection of grid lines in all four zones. 1In Zone A, the zone of ground zero,
the tray platforms were installed at 25-foot intervals; in Zone B at 250-foot
intervals; in Zone C at 500-foot intervals, and in Zone D at 1000-foot intervals.
Teams of two men were used in the placement and replacement of ‘rays. The
extremely dusty conditions and shot delavs led to the requirement of tray ceplace-
ment with freshly sprayed trays. In the two-week period prior to D-Day, old trays
were replaced with freshly sprayed trays. An average 50 percent replacement was
necessary each day. The tray recovery sfter the one-point detonation was begun at
H+2 hours. The fallout tray collection procedure consisted of pizking up a clean
tray with the magnetic device ard placing it over ihe contaminated tray. The two
trays were then lifted up together, placed in a container, aud covered with a
cardhoard separator. The coilection of the fallout trays in Zones A and B was
accomplished by personnel from Sandia Corpuration. REECo personnel collected the
trays from Zone C immediately gfter the detonation. Ouly those Zone D truys which

were in the projected fallout path were collected. The Zone D collection process
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was completed by the end of D+1 day. The percentage of desired trays recovered
was 100 percent in Zone A, 90 percent in Zones B and C, and 80 percent in Zone D.
Incomplete recovery was also affected by loss of trays in high wind. Al the
fallout trays recovered between April 24 and April 26 were packaged for shipment

tu Sandia Corporation.

REECo assisted Sandia Corporation in the placement and setting of timers
and batteries at 46 impactor stations. Impactors were collected by REECo for
Sandia o D-Day. Recovery of the batteries and pumps from the impactor stations
was cormpleted on D+2 days. Along with air filter and failout trays, impactor pads
and approximately 126 soil samples were packaged and shipped to Sandia

Corporation.

A mobile rest station for personnel working in Zones C and D was manned
by REECo personnel. A monitor with first aid training was a member of the
operating c¢rew. Clean clothing, washing and drinking water, soap, towels, and
nose swipes were carried. Nasal swabs were taken of all personnel leaving the
contaminated area and analyzed by REECo personnel. Urine samples were packaged
and shipped off site for analysis. This rest station operated through D+3 days.
Daily radiological surveys were made inside the decontamination building and in
surrounding "clean” areas using alpha survey instruments, filter paper swipes, and
air samplers. Air samples collected on the north side of the decontamination
building indicated activity of less than 32 decays per minute per cubic meter from
April 24 to April 30. Surveys inside the building indicated no significant alpha

contamination.

Surveys of the ground zero area after the shot indicated extensive alpha
contamination, but no significant beta or gamma activity. Full anti~contamination
clothing was worn by all Projeet 57 personnel along with the following respiratory

devices:

Area Dosignation Device
A Air-supplied or full-face mask with dust,

fume, and mist canister

is Fuili-face mask with dust, fume and mist
canister

Coand D Ultea-filter respirator
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Personnel contamination was maintained as low as possible. ‘.i person-
nel participating in Project 57 received bhicassay tests. These were primarily
nasal swahs, although some individuals had urinalysis done also. Decontamination
was deemed necessary when any positive indication of alpha contamination was
measured on skin. (One hundred alpha counts per minute per 55 square centimeters
of probe area was the average background instrument reading-- any reading above
this was considered positive.) Vehicles above 500 counts per minute per probe
area were decontaminsated to tnis level or less. Equipment and devices were buried

at a specified location if decontamination was not successful.

5.4 OPERATIONAL TRAINING PROJECTS

The primary aims of the operational training projects were to test
service tactics and operational equipment and to train and indoctrinate aviation
personnel. These projects were planned and conducted so as not to interfere with
the AEC diagnostic and AFSWP military effects tests. Table 5~-i141 summarizes the
planned and actual participation, by events, for the air projects. These projects
are described in the following paragraphs (Project 53.6, SAC Aircrew Training, is
not described. This provided for orientation of crews who were allowed te upserve
shots while flying a corridor located 30 nautical miles northwest of NTS.

Additional details are included in shot volumes).
5.4.1 Project 51.3 [Navy Heavy Attack Indoctrination - AJ/A3D)

This project was established te provide an opportunity for AJ and A2D
combat crews to observe an atomic detonation in the near vicinity of a burst.
These aircraft came from naval air stations at San Diego, Califcrnia and Whidby
Island., Washington. The aircrews were scheduled to participats in four events.
Due to radio trouble, however, the aircraft aborted on the PRISCILLA and HCOD
shots before reaching the test area. (The Test Manager's report at SMOKY
indicates that three F9F-3 airceraft were substituted for that event: however,
analysis of conflicting evidence indicates that these aircraft were not used.)
The aircraft were to {ly on a simulated bomb run on a target offset from the
ground zers position,  They were to execute a 1359 escape mancuver to a=rive at

H-hour at a position five miles from ground zero on a 1809 True heading.

.
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5.4.2 Project 52.3 (Marine Fly-by Indoctrination - A4D/F4D)

This project was established to provide an opportunity for Marine Corps
combat aircrews to observe an atomic detonation in the near vicinity of an atomic
burst. The crews were to participate in the HOOD event with A4D aircraft at
21,000 to 24,000 feet and at 11,000 feet. The aircraft came from El Toro Marine
Air Station, Santa Ana, California. The A4D aircraft sborted before entering the
test area because of communication failure. The R4D/RSD aircraft successfully
participated. They were to be in a left-hand race track between Lathrop Wells and
Desert Rock, 31 nautical miles from GZ, bearing 178° True at H-hour.

5.4.3 Project 53.2 (Ground Motion Studies)

The purpose of this project was to collect strong-motion data concerning
tne amount of energy introduced into the ground from the detonation of nuclear

devices. This was accomplished using aerial photography.
5.4.4 Project 53.5 (Air Crew Indoctrination-Early Cloud Penetration)

This project was establishea to provide an opportunity for Air Defense
Command (ADC) aircrew members and commanders *2 witness an atomic detonation in
the near vicinily of the burst and to penetrate an atnmic cloud. These aircrafi
were staged out of Indian Springs and Nellis Air Force Base and criginated at the
various installations throughout the Air Defernse Command (ADC). Aircraft partici-
pating in the various events included F-86-H, F-102, T-33, and C-131 aircraft.
The principal ADC participation was ir the JOHN shot where four T-33 type aircraft
flew in formation with the delivery aircraft. Interesied ADC commanders watched
the detonation from a C-131 aircraft positioned 15 nautical miles south of ground
zero in nn east-west orbit a* 14,500 feet MSL. In the other events, aircraft
orbited over the Las Vegas Visual Omni Range {VOR) at an altitude of 35,000 fzot
in a left orbit until thc sample controlier ordered them to proceed into the

atomic cloud. After cloud penetration, the aireraft proceeded to recovery bases.
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Project 53.7 (Indirect Bomb Damage Assessment [IBDA]) B-58 Evaluation)

The objective of this project was to evaluate B-58 IBDA equipment. The
equipment was installed on an F-89 test aircraft staged at Indian Springs Air
Force Base. Several different flight patterns were flown for each event. For
each event, however, data was obtained by the instrumentation as the aircraft flew
approximately 67 statute miles, horizontal range, from ground zerc at an altitude
of 35,000 feet.

5.4.6 Project 53.8 (Indirect Bomb Damage Assessment)

This project was established to test, as far as possible, the
suitability of indirect bomb damage assessment (IBDA) equipment and technigues
under simulated bomb drop and actual burst conditions. The aircraft were to
operate between 10,000 and 16,000 feet MSL and start their orbit at Indian
Springs, using a right-hand race track pattern oriented east and west, 35 nautical
miles short of ground zero. They were to be on a heading of 360° at H-hour and
execute a standard breakaway maneuver. This project was to determine the

effectiveness of the P-2 camera, A-5 control, and the 0-15 scope cameras.

5.4.7 Project 53.9 (Photographic Reconnaissance Training)

This project was established to provide an opportunity for Air National
Guard tactical crews to observe an atomic detonation in the near vicinity of a
burst and make a damage assessment photo run over the target. Air National Guard
units from 14 states participated during PLUMBBOB (see footnote page 162). These
units (two RF-84F aircraft for each shot) participated on a rotational basis,
staging out of George Air Force Base, California. Prior to the detonation, the
aircraft flew from George AFB to a holding point where they orbited in a
race-track-shaped pattern at 31,000 feet from Beatty to Lathrop Wells. About 10
minutes after the detonaiion, the aircraft were cleared to make a
photo-reconnaissance run over ground zero at an altitude of approximately 10,000

feet,
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5.4.8 Project 53.10 (Passive Defense)

The purpose of this Air Force project was to develop a passive means of
detecting large scale disturbances in the upper atmosphere, such as might be
caused by detonation of fission or fusion bombs or by passage of supersonic or

hypersonic vehicles or missiles.

5.5 SUPPORT PROGRAMS

There were cight main support groups:
e Air Support Group
e Fallout Prediction Unit
e Weather Prediction Unit
e Blast Prediction Unit
e DOD Operations Coordination Group
e Assembly and Arming
e Sandia Support

e AEC Support Group.

(Figure 5-27 illustrates the organizational breakdown of these support groups
under the Test Manager and Test Director.) The Air Support Group and the three
prediction units (concerned with the shot-environment interface) came under the
direction of the Test Manager. Both the Assembly and Arming as well as Sandia
Support Groups were involved with the firing of the device based on its location
(e.g., bhalloon). These came under the direction of the Test Director. The AEC
Support Group, which provided back-up support and various services for the test

series, was answerable immediately to the AEC Support Director and ultimately to

the Test Manager.
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Air Support Group Programs for the NTO

The Air Support Group, a portion of the 4950th Test Group (Nuclear) was
responsible for coordinating all aviation activities required by the AEC, DOD, and
FCDA projects during PLUMBBOB. See Section 5.2.3 and associated tables.

5.5.2 Fallout Prediction Unit (260)

The Fallout Prediction Unit (FOPU) served on the Test Manager's staff to
brief the Test Manager, his Scientific Advisor, the Advisory Panel, and any other
interested groups on the predicted faliout locations and intensities for each
shot. (The FOPU did not directly participate in Project 57 but was on the
advisory panel primarily to help restrict the amount of plutonium reaching
various areas on the Nevada Test Site.) Forecasts of cloud height and, to a
limited extent, air concentration were also furnished. Forecasts of air
concentration were used to evaluate possible hazards to aircraft. Before and
after a shot, the FOPU coordinated as closely as possible with onsite and offsite
Rad-safe and CETG, Program 37. The FOPU also collected post-shot fallout data for
use in the evaluation of the prediction. The FOPU was nomposed of either four or
five individuals at any one time from Sandia, LASL, UCRL, and the United States
Weather Bureau (USWB). Most of the FOPU members had performed the same function

during previous operations.

At each formal meeting, a8 member of the FOPU presented the predicted
fallout pattern and cloud height, and commented on the effect of possible wind
shifts away from the predicted or observed situation. The briefer was available
during the last two hours before a shot to evaluate the effect of the observed
winds on fallout. Any change in the forecast wind direction or velocity could
result in s postponement. The formulae for predicting the intensity and location
of significant fallout, on site and off site, were matched to the varying weather
forecasts througl'out the night., The Atomic Energy Commission's guide for public
radiation exposure--3.9 roentgens per series--was a determining factor in
evaluating offsite fallout forecests. The shot would be postponed if radiation
exposure caused by fallout from the present shot or present fallout, plus fallout
approached 3.9 roentgens.

from a previous shot, As a series progressed, the
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direction and velocity of acceptable wind may have become more restricted. Based
on the techniques used bty the FOPU to predict fallout (260), its personnel had no

need to enter the radicactive areas.

5.5.3 Weather Prediction Unit (280)

The U.S. Air Force Weather Service established a weather unit at NTS,
which included personnel of the U.S. Weather Bureau. Organization of the Weather
Prediction Unit (WPU) (also called the Air Weather Service Unit) is shown in
Figure 5-28. Operational control over all weather activities and perscnnel war
randled by the commander of the Air Weather Service Unit. He not only assisted
the chicf of the Weather FPrediction Unit and the weather prediction team chiefs
with the various aspects of the forecasts (e.g.. precipitation, cloud cover,
temperature, tempersture inversions, and wind directions and velocities) but he
also served as the member of the Advisory Panel to the Test Manager end

occasionally gave the weather briefing. Aithoughk he maintained close liaison with

FCOMMANDER J

L CHIEF-WEATHER PREDICTION UNIT J

; 1 J
[ WEATHER RECORDS & SUPPLY N LADMINISTHATION j

l LIAISON OFFICER }

1

UPFER AIR WEATHER PREDICTION J WEATHER DETACHMENT
STATIONS INDIAN SPRINGS AFB

L "A"TEAMj LB TEAM J [_’C TEAP\TJ

Figure 5-28. NTO AIR WEATHER SERVICE UNIT.
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the Test Manager on requirements and schedules, the Chief of the Weather
Prediction Unit primarily handled specific weather requirements and coordination
fo: the Test Director. Forecasters and observing personnel furnished a forecaster
for each of ithe three forecasting shifts, and conducted observational studies of
both surface and low-level wind conditions in the vicinity of the underground

shot.

The average strength of the forecast tcam, with the exception of the
iast two saots, censisted of four forecasters and six observers., The average
strength of the rawinsonde* group was seven observers, two technicians, and three
additionzl personnel at Mercury for use in checking records. A PIRALt team
consisted of three observers. All offsite observing sections supplemented the
liaison officer of the Sixth Weather Squadron, Mobile, Tinker Air Force Base,

Oklahoma. i

The Mercury weather station bepgan normal forccasting functions on 15 May
1957; however, station observers and forecasting personnel were present for duty
by 16 April 1957. Personnel and equiprient providad by the Sixth Weather Squadron
were in place and operating by 12 April 1957. The locations and types of stations

and the methods of communication were as follows:

PIRAL Stations Mothod of Communiration
Kingman, Arizona Long bDistance Telephone
Beatty, Nevada L.ong Distancc Telephone
Gverton, Nevada Long Distance Telephone
Caliente, Nevada Long distance Telephone
Indian Springs, Nevada Direct Telephone

Lincoln Mine, Nevada Rad-safe Radio Net
Austin, Ncevada Long Distance Telephone

(later reclocated to Shoshone, California)

*Rawinsonde is an clectronic balloon-borne device tracked bv a dirvetion-finding
device to determine velocily and direction of winds aloft, in this case primarily
winds at high altitude.

TPIBAL is a syvstem for determining low-ievel (aftitude) wind information.
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Rawinsonde Stations

Yucca, Nevada Direct Telephone and
Pony Teletype Circuit
St. George, Utah Long Distance Telephone
Baker, California Long Distance Telephone
Stead AFR, Nevada Weather Teletype Net

Additional stations were manned by the 1J.8. Weather Burecau and consisted of:

DPIB AL Stations

Milford, Utah Long Distance Telephore
Bishop, California Long Distance Telephone

Rawinsonde Stations

Tonopah, Nevada Pony Teletype Circuit
LLas Vegas, Nevada Pony Teletype Circuit

Besides the specifically designed supporting stations, the following U.S. Wcather
Bureau stations supplicd weather information: Arizona (Phoenix and Winslow),
California (Fresno, Qakland, San Diego, Santa Maria, and Santa Monica), Colorado
(Grand Junction), Nevada (Fly and Winnemucca), Oregon (Medford), Utah (Salt Lake
Citv).

Weather briefings consisted of a formal presentation of the forecast bhv
the forecasting shift on dutvy. Responsibility for the preparation of the fore-
cast and the nccessary briefing aids was delegated to the individual shift
chiefs. Formal weather briefings were scheduled at 1600 hours Pacific Daylight
Time (PDT) on D-1. The winds and temperature forecasts were prepared and
disseminated to the Fallout Prediction and #).,{ Prediction Units by 1430 Pacific
Daylight Time on D-1 in order that this information might be incorporated in their

b -iefings.

Weather affects aircratt operations, the direction and intensity of
radioactive fallout and blast, scientific data gathering, and the successful
conduct of an ertire technical operation. If the weather was satisfactory for
both technical experiments as well as onsite and offsite safety, the shot remained
scheduled and the WPLU! continued to make checks on the weather., [If the forecast
was unfavaorable, shot preparations were discontinued and the shot was reschednled.
Thus, the weather conditions were of paramount importance in determining whether

the test was fired.
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Military personnel actively participated ' the Weather Prediction Unit.
Rased on the description of the unit in the Test Manager's Report, it is not
apparent that entry into radiologically contaminated areas was required of WPU

members other than certain PIBAL teams.

5.5.4 Blast Prediction Unit (260)

Personnel from Sandia Corporation Weapons Effects Department manned the
Blast Prediction Unit (BPU), a part of the Test Manager's staff. Both the Blast
and Fallout Prediction Units were project units in the Sandia Test Organization
for administration purposes. Microbarograph equipment, operated by REECo under
the technical direction provided by the BPU, recorded the offsite blast pressure.
Sandia's field test organization loaned microbarograph equipment and maintenance

assistance to ithe BPU.

The BPU staff consisted of the unit chief and an engineering assistant
for computer maintenance who remained at NTS for the entire operation. Two
assistants used for prediction and briefings rotated on shorter tours at NTS.
Seven other Sandia Corporation personnel were attached to the Sandia Corporation
project unit at various times to work with FOPU. The microbarograph program

utilized ten station operators and two high explesive experts froin REECo.

The microbarograph equipment was used to record the blast noise off
site. Eight stations were regularly operated at the CP: California (Bishop and
Inyokern), Nevada (Boulder City, Las Vegas, Lund, and Tonopah}, Utah (8t. George).
Four mobile stations were on call and operated at various times at the following
locations: California (Daggett and Red Mountain), Nevada (Camp Mercury, Coaldale,
Indian Springs, Lincoln Mine, Sodaville, Yucca Flat). The operating locations

with distances and bearings from NTS are shown in Figure 5-29.

Offsite blast prediction was mainly concerned with the possible trans-
mission of pressure waves through the jet streams to communities at distances
greater than 20 miles from the burst. The range and intensity of the bhlast waves
that were predicted required detailed knowledge of atmospheric conditions well
into the nosphere. Iigh-explosive shots were made at various times (H-1, H-2,
or H-3 hours) and the results were checked with predictions. Roth shots CHARLES -

TOMN and MORGAN were delayed twice because of predicted offsite blast effects.
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On site, the blast prediction was dependent on the atmospheric structure
to about 2,000 feet abhove ground level. Often on site, various agencies requested
locations for pressures ranging between .1 and 2 pounds per square inch. These
predictions were used in tower construction, balloon, blimp, helicopter, and radar

trailer operations.

It is uncertain whether any military personnel were involved in the

Blast Prediction Uinit.

5.5.5 DOD QOperations Coordination Group

Prior to Operation PLUMRBRBORB, the DOD Operations Coordination Group
functioned as a staff agency under the direction of the Deputy Chief of Staff,
Weapons Effects Test Group, Field Command, AFSWP, During PLUMBBOR, it hecame
port of the Test Manager's staff and was responsible for coordinating all DOD
training activities as the single official liaison point for the Desert Rock
activities, The group also supervised and planned the troop observer program and
maintained liaison hetween the DOD personnel and the Test Manager in order to
ensure that all training and observer programs could be fitted into the overall
program of the operation without interfering with the technical tests. The DOD
Operations Coordination Group contained about a hundred DOD personnel. Normal
staft activities would not require these personnel to enter NTS forward
operational areas. However, activities related to coordinatioi: of Desert Rock
exercises, obhserver programs, and training projects could have requirec
reconnaissance or operational review during actual exercises which would have
required entrv into forward arcas of NTS. Thus, although not specifically
documented, some potential for exposure to ilonizing radiation existed for these

individuals.

5.5.6 Assembly and Arming (260)

The Assembly and Arming Organization was responsible for assembly,
arming, a.d disarming the nuclear devices. Other associated responsibilities were
to ensure the overall reliability of the ecomponents required for arming and firing
and to prevent the accidental firing of nuclear devices after their installation
at the burst site. Duties of the Assembly and Arming Organization required ciose

liaisor with LASL, VORI Mangiz, TOLG, and Doy
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Work of the Assembly and Arming Organization was divided into several
parts: pre dry run tests, zero arca installation, dry runs, interlock checks,
monitor checks, arming operations. and disarming operations. Pre dry run tests,
conducied at Sandia security compound with a representative of each conecerned
organization., were compatibility checks of equipment. At their conclusion, the
equipment was ready for installation at the zero area. Installation involved
rlacement of arming and firing components at the burst site by the responsible
organizations. Upon completion of the installation, the arming and firing
personnel operated the equipment locally (if required) for test purposes prior to
thc¢ regular dry runs. Dry runs were conducted to ensure that equipment would
operate properlv while connected in the same manner as at shot time. During all
dry runs, both the arming and firing components as well as the interlock and
monitoring indicators at the control point were carefully observed by a
representative of the Assembly and Arming Organization in order to ensure proper
operation. interlock checks involved personnel who individually checked
interlocks in the gas, arming, or firing signal lines; thesc checks were made
after a number of dry runs proved that all equipment was operating properly.
Personnel had to be present at the timing distribution station, the signal pit,
and the zero area in order for the interlocks to be checked properly. Monitor
checks were carefully made on the monitoring devices associated with the arming
and firing equipment. [If the monitors were found to be malfunctioning, the shot
would be delayed until the monitors were functioning correctly. Arming
operations, which involved an arming party and salvage party, made final checks
and connections to the nuclear device and associated equipment in preparation for
the firing. Final arming connections were made as close to H-hour as possible and
only with the permission of the Test Dircctor or the Associate Test Director.
Timing of the final arming connections permitted experimenters maximum time to
sccure stations and vacate the forward are:s, Timing of the final connections
also permitted the weather panel to analvze data nearer to shot time in order to

evaluate weather conditions.

The arming party was composed of personnel from several orgamzations,
each having specific responsibilities in relation to the arming component, the
nueledr deviee, o associated experiments. The arming party assembled at the
control point (where the monitoring devicee wore Capefullv cheek u) to vorns aal
the arming and firing equipment was in safe condition. From the control point,

the arming party proceeded to the timing distribution station where the monitors
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were again checked for proper indications. The Test Director wss called for
permission to complete the final connections for arming and firing. Final
connections were never made until the Test Director was sure the forward area was

clear of people not required during or following the arming.

Following arming operations at the device, the salvage party removed
both the elevator hoist and the power transformer for tower shots. The party
removed an AC power generator and a crane for balloon shots. Upon completion of

these salvage operations, both arming and salvage parties, along with security

! inspectors, evacuated the area and proceeded toward the control point. The arming
party stopped at the timing distribution station enroute to the control point and
prepared it for the shot. At the control point, the arming party made final
| monitor checks to ensure that the device was ready to be fired and they reported

back to the Test Director.

Disarming operations were essentially the reverse of arming operations
but without the exhaustive checks required for arming. Routine disarming was
accomplished during Operation PLUMBBOB because of adverse weather conditions,
technical difficulties, and a possible misfire. The normal or routine disarming
function was accomplished at least once for most tower shots and several times for
those delayed for long periods after their first ready date. At one balloon shot
(CHARLESTON) routine disarming was necessary because of weather delay. The
disarming of CHARLESTON was accomplished essentially the same way as the
disarmament of tower shots except that the salvaged equipment did not have to be
replaced before disarming could proceed. Disarming as a result of technical
difficulties was salso performed fo- shot WHITNEY. The type of disarming procedure
was very similar to that used for routine disarmament, but careful consideration
had to be given to the probable cause of failure and its possible consequences.
Disarming due to a "misfire" was accomplished once when DIABLO failed to fire at
the completion of the timing sequence. For shot JOHN, the nuclear device was
assembled and checked at Indian Springs Air Force Base under the scrutiny of an
arming representative of the Test Director. Only a few DOD personnel were
involved in the Arming Organization. If these DOD personnel were in close

proximity to the nuclear devices and if they entered radioactive contaminated

areas, they could have been subjected to radioactive exposure.
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5.5.7 Sandia Suppcert

Project 4.1 (Balicon Suspension Systems)

Sandia Corporation was assigned responsibility for suspending nuclear
test devices from balloons. Project 64.1 personnel were responsible for the
balloon suspension svstem., This system was active in 13 shots. Balloon
installations were constructed in Areas 7, 9, and F (See i.sp, Figure 5-26). Each
installation consisted of three guy winches 3,000 feet from ground zerc. These
winches were housed in conecrete shelters covered with earth in order to prevent
blast damage. A main winch was housed with a guy winch in one of the shelters.
The main cable ran along the ground to GZ, through a sheave, and then to the
balloon cab. The guy cables raun directly from each winch shelter to the balloon
cab. All winches were capzble of being run remotely as well as from ground zero.
Two television cameras were mounted at ground zero and pointed upward. All remote
controls were combined into one operational console located in the control room at
the contrel point (CP-1). Here 2 console operator cculd run the winches, observe
cahle footapges, observe cable tensions, and monitor the balloon's position by

television. All balloon areas could be monitored from the one console.
Project 54.2 (High Time Resolution Telemetry)

Project 64.2 made high time resolution measurements on every test event
of Operation PLUMBBOB except LAPLACE, JOHN, SATURN, and RAINIER. In
addition, preoject personnel supplied, installed, and operated release time
equipment for the JCHN shot. During some UCRL events, a fiducial time marker
system was salso installed and operated on some UCRL events. The largest project
effort was to monitor certain neutron sources used to initiate a fission-type
weapon.

Projecet 64.3 (Neutron Sources)

Project 654.3 personnel were responsible for supplying certain neutron

sources to the LASL and UCRL weapon assembly groups. This project was active for

ail snots except JOHN, and had special test eguipmoent mounted con racks in an

H-trailer and in an adjacent tent. The test equipment was used in preparing the

sources prior to their installaticn in the vicinity of ground zero.
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Project 64.4 (Balloon Cabs)

Project 64.4 personnel supported the halloon suspension system by
constructing a device support structure. A Project 64.4 represcntative at
Albuquerque coordinated the assembly for LASL cabs whilc Sandia representatives at
Livermore coordinated the assembly for UCRL cabs. A plywood shelter was used to
house the device cab in the vicinity of ground zerc. This shelter was usually
ready four dayvs before the event; at that time, the device was moved to the zero
arcaz. Dry runs and checkouts were conducted prior to the shot. Approximately
three hours before zero time, the device cab was transferred to the balloon, and
arming began. One member cf the balloon crew stayed at GZ as a member of the
arming party. When arming was completed, all personnel returned to the control

point and the balloon, remotely started, hegan to gain altitude.
5.5.8 AEC Support Greup

This section describes the AEC Support Director’s responsibilities in
the Nevada Test Organization, including those in security, communications,
engineering and construction, transportation, camp management, and the Visitor's
Bureau. ('The Support Director's responsibilities concerning radiological safety

were descrihed earlier in Chapter 2).

Secun‘tz

The security staff under the Office of Assistant Manager for Test
Operations, ALOO, handled the pre-operational planning for security operations.
Among the activities preceding PLUMBBOB was the development of an instruection
manual, "Joint AEC/DOD Security lnstructions for Arrivals at Nevada Test Site,"
which was normally furnished to each test participant upon arrivel at NTS. These
instructions emphasized basic security rules and regulations and provided
information concerning NTS sccurity ground rules, A contractor, Federal Services,
Inc. (FSI), was responsible for physical security at the site. The hiring
techniques used by FSI (260) suggest that DOD personnel were probably not involved
in FSI operations. In addition to their PLU'MBBQOR activities at the Nevadas Test
fite, FSI personnel provided security for the JOHN device at Indian Springs Air
Force Rase. Security was maintained by AEC and FSI security personnei even when

the JOHUN device was transferred to the aircraft. An L-20 aircraft from Indiar
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Springs Air Force Base participated in security ground sweeps and air sweeps of

the NTS pevimeter on D-1 davs.

Communications

The communication service was sponsored by the Atomic Energy
Commission's Communications Division, and provided by the support contractor,
Revnolds Electrical and Engineering Company, Inc. (REECo). DOD provided some of
the mobile and fixed stations used in the communications networks. (Tlere were 29
mobile and 24 fixed stations, for a total ot 33.) Among the various stations, a
U.S. Air Force communication trailer was located at Smoky Mountain, Jr., and a
microwave site was located on Smoky Mountain, Sr. The microwave site was used hy
the Air Operations Center at CP-1 for communications with Lookcut Mountain Air
Force radar personnel located eight miles to the west. A Sixth Army repeating
station was also in operation at this location with maintenance performed bv site
technicians. Due to interference problems, this station was eventually relocated
to Smoky Mountain, Jr. Off site, a U,S. Air Force Air Weather Operations station
vas located at Lincoln Mine. [n addition to the 53 DO stations, DOD personnel
may have been involved in the communication efforts of other groups (e.g., CETG,

Project 37, REECo, etel).

Enginecring and Construction

This activity provided for the design, fabrication, and installation of
special support facilities in addition to those already avaiiable as part of the
NTS complex. Major scientific stations designed by the AEC contractor, Holmes &
Narver, included balloon launching facilities, seven towers (300 to 700 feet),
line-of-sight, open and closed detector stations, coaxial cable connection pits,
special purpose detectos pits, and effects conduits. The construction of these
facilitics was accomplished mainly through contracts with Holmes & Narver,
Reynolds Elecirical and Engineering Company, Inc., and Silas-Mason*. Construc-

tion of the tower presented the most significant problem. The pheses for each

*Silas Mason Company, an AREC contracting firm, nrovided consteyetion cervices for

the Weapons Development Test Group and Civil £ffects Test Group prcjects at the
NTS. These services included constructing shot towers and building bunkers to
house AEC diagnostic instruments.
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tower included the fdllowing steps: foundation, steel erection, platform fabri-
cation and erection, coaxial cable installation, cab installation, vacuum pipe

installation, check-out periad, and user occupancy period.

Transportation

The tran.portalion group rented BG4 vehicles in addition to using 469
AEC-owned vehicles. All requests for vekicles were made through and approved by

the Las Vegas Branch Office, Atomic Energy Commission.

Canip Management

The AEC Support Group managed Camp Mercury which inciuded housing,
maessing. medical, and other facilities to accommodate the personal needs of
participants. In addition, the AEC Support Group provided office facilities,
motor and equipment pools for security, engineering, and other support operations.
During PLUMBBOB, peak population at Camp Mercury for the shot execution period
May-October 1957) fluctuated between 2,400 and 3,007. The peak wss reached on 23
June 1957, and tapered off to between 10002000 for the last month of that period.
At maximum population, the Test Director’s organization comprised about 34 percent
of the Mercury population, the Test Manager's staff was nine percent, and the
contractors' was 4/ percent, with the remaining 1u percent comprised of the more

«ransient personnel, such as visitors and VIPs.

Visitor's Bureau

The Visitor's Bureau was organized as a joint AEC/DOD activity reporting
to the Support Director. The NTO, AEC, and DOD mutually agreed upon the staffing,
which consisted aof each organization's personnel plus their contractors. As the
activity in charge of conducting the observer program and coordinating it with the
othor test activities, the Visitor's Bureaun was responsible for the reception,
security, messing, billeting, and radiological safety of all official observers.
Briefings. tours, and transportation to the forward area were also provided to

employee observers, FCDA obscrvers, and the news media.
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The Visitor's Bureau organization, illustrated in Figure 5-30, was
mutuslly agreed upon by the AEC and AFSWP Field Command. Reynolds Electrical and
Engineering Company, Inc., and Federal Services, Inc. handled the administrative
workload and the security liaison work. The Special Weapons Training Group,
Sandia Base, assigned escort officers to the Visitor's Bureau on temporary duty
status to help handle large official observer groups. The following list shows
personnel used in the Visitors Bureau:

Mercurz

AEC - 1 civilian

DOD - 3 officers, 2 enlisted men
REECo - 3 civilians

FSI - 1 inspector

Indian Springs Ai.. Force Base

DOD - 1 officer, 1 enlisted man

Las Vegas AEC Office

DOD - 1 officer, 1 enlisted man
REECo - 2 civilians

With the Visitor's Bureau activation at the Nevada Test Site on 1 April
1957, planning and forward area construction began. Work consisted of the
selection and construction (or rehabilitation) of observer areas in both Yucca
Flat and Frenchman Flat. This involved painting benches, constructing telephone

ard power systems, and building snack bar shacks, etc.

Several visilor's programs were extremely active during PLUMBBOB. The
official observer program was made up of personnel from the Army, Navy, Air Force,
AEC, and representatives of Congress. These observers were usually housed at
Indian Springs Air Force Base and were transported from the base to briefings,
forward area tours, and the scheduled shots. Details of the official observer
program, such as transportation, clearances, and rosters, were coordinated by
AFSWP Headquarters, The number of official observers attending the various shots,
as administered and billeted by the Visitor's Bureau of Indian Springs Air Force

Base, were:
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SHOT DATE NO. FORECAST NQO. WITNESSING SHOT

PRISCILLA 6/24/57 77 68
DIARLO 1/15157 86 48
JOHN 7/19/57 100 93
STOKES 8/07/57 66 44
SMOKY 8/31/57 75 59
GALILED 9/02/57 (Late arrivals for SMOKY) 2
FIZEAU 9/14/57 (Bonus shot for early 48
NEWTON arrivals)
NEWTON 9/16/57 86 32

Foreign observers included 130 represcntatives invited by DOD from all
foreign countries with whom the U.S. had any formal defense agreements at that
time. These witnessed BOLTZMANN, SMOKY, and NEWTON.

The Federal Civil Defense Administration (FCDA) observer program
consisted of three different types, the first group (VIPs. headquarters personnel)
received some classified information related to PRISCILLA, the military effects
test shot at Frenchran Flat in which FCDA had several foreign test projects. The
second group in the FCDA program consisted of members of the NATO Civil Defense
Commiiiee and the Swedish Civil Defense Director. French and German shelter
designers were given the opportunity to observe the structures before and after a
shot in which the structures were to be tested. The third group was composed of
national, state, and local civil defense personnel whose attendance was considered

beneficial to the c¢ivil defense prog -am.

LU.5. public news representatives and some foreign news represcntatives
were  pormitted  to at'tond those shots in  which uncleared observer groups
participated. Somc of the AFC operations offices established an employce observer
program for personnel connected with the weapons program. The AEC also invited
certain individuals from related industries to attend events at NTS. DQD invited
a hundred senior USAF personnel to attend the JOHN air rocke: shot, while DOD

invited Fietd Command and Headquarters personnel from AFSWP.

The Visitor's Buresu arranged programs which included appropriate

hriefings for official grouns and for some special employee obzerver groups. The

Department of Defense was normally represented by a colonel in these briefings.
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Pre-shot tours of the Nevada Test Site were arranged for all observers.
Tours included visits to the military effects test area and the FCDA test area
plus inspection of a typical tower and some instrumentation staff. Post-shot
tours were arranged as necessary and depegded upon both Radex conditions and

visitor schedules.

Transportation for observers was furnished jointly by AEC and DOD. The
AEC furnished bureau vehicles, while occasionally DOD provided drivers and
additional sedans. Both the AEC and DOD furnished buses and drivers.

DOD personnel were clearly involved in Visitor's Bureau activities and
so had the opportunity for exposure to radioactivity related to entry into NTS

forward operational areas.

5.6 FZDERAL CIVIL DEFENSE ADMINISTRATION OPERATIONS

The PLUMBBOB FCDA studies were conducted through the FCDA Operations
Office at the test site by the Civil Effects Test Group, which was formed for that
purpose. The CETG projects were organized under Programs 30-39 (see Table 5-15).
Approximately 60 projects were conducted under these programns in support of the
principal FCDA objective, to protect the civilian population of the United States
from the effects of nuclear weapons. Most such studies fell under one of six
n:ajor categories: fallout studies; biomedical and physical aspects of prompt
gamma and neutron radiation; blast effects on structures; biomedical effects of
blast; radiological contamination, decontamination, and training; and

instrumentation and support services. DOD participation for these is summarized
in Table 5-16.

Fallout Studies

The CETG fallout studies were conducted by means of aerial monitoring
and ground survey methods. Faliout patterns were surveyed and mapped in detail up
to 600 miles from ground zero. The gamma measurements made by aerial survey agree
with those made by ground survey to within 25 percent. These fallout maps
assisted in refining the deposition activity forecast by the Fallout Prediction

Unit during pre-detonation briefings. For each shot studied, 200 to 300 fallout

204

o e et e e e ———— e e ——————— . e e ————— JP—
e -

A e e e e e A T R A SR R P smeon:



v

}
' Table 5-15. CETG FROJECTS CONDUCTED AT OPERATION PLUMBBOB* }

| ‘

! ~ .o
}; Program X7 X '
K] PROGRAM Progrsm 31 Program X3 Program M Radio- Program 3 < .

' f Progiam X Structures. Frogrem X2 BSiglogical Piysicsl Program 35 Program 3% Ecalogical EHacts of Program W . '
: Equ . | Radiciogs : i A ot | w ; ! i
i’ tor Civil Davices. and Counter: of Slast to Biavy Deferss Defensa Nuclesr Fallout on tion snd . H
i A SHOT [+ Ettecta Loading Techndlogies | Operstions Falloyt Foodstutty Dosimetry ] ;
e PROJECT 57 i
BOLTZMANN .2 38.3 39.1 2
37.2a 39.7a
kX E
# FRANKLIN 0.9 H
< kX3 bl
96 Y
»7 4
37 hod
»8 -
. ¥
LASSEN 28 ~
- WILSON 372 .1 =
. 37.2a »S5 B
ns 386 -
39.7a h
398 :
PRISCILLA ara 31 24 332 34.1 3.1 2 38.1 ;
3.2 Nz 33 %2 37.2a 38.2 i
23 314 3.4 383 ;
0.4 315
305
30.5a ;
COULOMS A K I
Satety Zxpsnment _:
4 |
HOOD 311 3.2 91 i |
37.2a 95 i H
09 3 |
b DIABLO 21 372 2.1b § :
03 37.2a -1 ’
. 24 7.6 1
JOHN M .
; KEPLER 311 03 331 N2 39.1 ; ,
N.2a 35 !
s . ;
OWENS 3 24 3.1 !
- [
PASCAL A :
Salety Expersmmnt
STOKES 391 i
5 :
SATURN }
Gafety Faperrment {
{
*Beid print mndicates projects with DOD participation. “
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Table 5-15. CETG PROJECTS CONDUCTED AT OPERATION PLUMBBOB (Continued)

P n
PROGRAM Program 31 Program 33 Program M 'm Frogtam 3
Program 30 Structures. Program 32 Biological Physical Program 35 Program M Ecologicet Effects ot Program ¥
Q 1 A s p Aadiok ot Aade '
for Civit Devices. and Counter ©of Blast 1o Blast Detense Dafarse Nuctest Fasout on tion and
SHOT L [} C Efects Loading Technologs Operations Fakout Foodstuts Dosinetry
SHASTA 319 k-2 | 372 389
n3 37.2a3
R4 376
DOPPLER 315 KR
39.5
PASCAL B
Salete bapenmoent
FRANKLIN 375 391
PRIME 85
SMOKY 05 311 3.2 342 352 36.1 KY R 3.1
306 333 M3 353 n.2 N.1a
307 37.2a b
T4 s
s kR
37.6
GALILEO R.4a 331 343 352 371 39.1a
B.2 344 %3 372 2393
334 37.2a
37.3
374
375
316
WHEELER
couLoms 8
Safety fapprimet
LAPLACE 391
39 1a
FIZEAU 2.1 39
395
96
NEWTON 372
37 2a
HAINIER
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TABLE 5-16

DOD PARTICIPATION IN CETG PROJECTS
BY PROGRAM (119)

- No. DOD
No. DOD Personnel
Personnel w/Hon-zero Non-zerc DOD Exposures (m/R)
Program Involved Exposure Min Max Mean
30 0 0 0 0 0
31 0 0 0 0 0
32 39 22 75 2595 998
33 0 0 0 0 0
34 1 1 1870 1670 1670
35 0 0 0 0 0
36 3 2 370 385 378
37 8 7 20 830 452
38 1 1 940 940 940
39 26 13 35 1910 453
TOTALS YNd 46
collecting trays were exposed and later processed in the iaboratory. The

following data were obtained from tnese studies:
e Beta and pgamma energy spectra and decay
properties of debris calculated by particle size
and fallout time

e Radioactivity per particle relation as a fune-
tion of particle size and time

o Certain physical and chemical characteristics
relative to particle size and time of fallout.

Biomedical and Physical Aspects of Prompt Gamma and Neutron Radiation

Associated with these fallout studies were biomedical experiments to
determine the persistence of fission products in the tissues of native rodents.
One halloon detonation and one tower detonation of approximately the same vyield
were utilized for this purpose. In addition, measurement of the directional
distribution of radiations at various distances from the hypocenter resulted in
valuable data for determining the amount of shielding afforded by any type of
structure against prompt bomb radiations. In conjunction with making precise

measurements of radiation dosages, a number of large and small animal species were
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exposed to prompt radiations. Mice, monkeys, swine, and burros were used to
develop inter-species relationships showing reactions to prompt radiations. The

data obtained was rlso correlated with the results of tests prior to PLUMRBOB,

-

Rlast Effects on Structures

The CETG structures tests were largely FCDA-sponsored projects. The
resulting data made important contributions to the development of designs for
reinforced concrete dome shelters, a dual-purpose garage shelter, a family
1 shelter, and a modular reinforced brick unit. Generally, the results of tests on
f structural environments were used to develop shelters which would be safer and
more habitable in a nuclear target area. An array of fourteen French- and
German-designed and financed shelters was also tested. Overpressures ranging from
75 psi to 200 psi were measured during these tests. More elaborately designed
than comparable U.S. structures, these shelters were exposed to higher

overpressures than the U.S. structures had bheen exposed to previously.

Biomedical Effects of Blast

Along with the structures test, a study was made of the biological

environment produced inside shelters by blast effects. Data gathered concerning
this study also included the biological response to different patterns of
overpressure; the characteristics of blast-induced missiles (how objects are

thrown against personnel), and the possible physical displacement of personnel by

s blast-induced winds (how personnel would be thrown by the blast).

Radiological Contamination, Decontamination. and Training

CETG personnel conducted a radiological defense experiment in which they
occupierd a protective region in an area of heavy fallout. The experiments
effectively demonstrated the magnitude of the radiation field and procedures for
leaving the shelter and recovering a working area. The CETG also sponsored a
series of training exercises for radiological defense leaders selected from state

and local civil defense organizations,
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Instrumentation and Supporting Services

A system of remote gamma radiation monitoring was conducted at stations
from 30 to 300 miles away. Personne! could determine offsite radiation
intensities resulting from fallout simply by dialing the station through the
telephcne network. The station would sutomatically reply with a coded signal
giving the radiation level. This experiment showed that early data on close-in

radiation levels could be obtained without exposing personnel to contamination.

The CETG studies involved bhoth onsite and offsite activities. Many
studies required that equipment be recovered as early as practicable after a
nuclear detonation. This needed a means of minimizing the danger to personnel
tasked with the recoveries. Onec of the CETG studies (Project 39.9) was directed
to this purpuse. It provided continuous, remote monitoring of radiation levels at
various points of interest on shots in which CETG projects were active. Onsite
locations were selected on the basis of early recovery requirements and the data
obtained was utilized to determine safe recovery routes. Project 39.9 thus

supplemented the nc- 1al Rad-safe procedures employed during PLUMBBOB.

DOD participation in CETG projects was generally light as indicated in
Table 5-16. The exceptions were Programs 32 and 39 where certain projects were
conducted by military organizations, and Program 37 where the activities of the
military participants are uncertain but may have occurred through participation in
a training program.

The program and project descriptions which follow will describe the
activities and movement of DOD personnel when known. When this information is
not availahle, then the intent is to describe the activities required of project
participants if a significant number of DOD personnel were involved. If DOD

participation was not appreciable, then only general objectives are menticned.

Programs 30, 31, and 34 were primarily concerned with the mechanical
response of various structures, materials and devices to nuclear blast effects.
Tests involving several different civilian shelters including some eclaborate
French (114) and German (113) designs were conducted in Program 30. Programs 31
and 34 were conceried with the performance of various structures, structural

elements, and devices in response to nuclear blasts. Program 34 was generally

209

. '1-13\9“'&;*7'; LR

W

e

L e Ao ML el MR R A e Yo s




interested in the performance of higher strength materials and structural eclements
in the higher overpressure regions than Program 31. Among the devices tested in
these two programs were cameras, filters, and antiblast valves. The data
resulting from these studies made important contributions to the development of
design for reinforced concrete dome shelters, s dual-purposc garage-shelter, a

family shelter, and a modular reinforced brick unit.

Program 32. Four projects were conducted. The performing agency for
Projects 32.3 and 32.4 was NRDL, and DOD personnel involvement was correspondingly
heavy. Program 32 was primarily concerned with radiological countermeasures in
terms of protection offered by shelters, simple structures, distance from the
point of detonation (vertical and Thorizontal), and the effect of terrain
attenuation. Tue to the involvement of military personnel (See Table 5-15), the

projects are described individually.

In Project 32.1 (90) a reinforced building was exposed to fallout from
two shots and the resulting dose rates and fallout deposition inside and outside
the structure were measured with various instruments and techniques.
Participation was scheduled for a third shot, but was cancelled because of heavy
fallout in an area the recovery team would have had to pass through. Protection
factors and roof and ground contributions to the total dose rates at points within
the structure were determined from the measurements. Comparisons were made with
the results of theoretical and experimental studies. The equipment utilized for
obtaining this data included remote monitoring systems affording continuous time
measurements, film packs to provide integrated dose measurements, portable survey
instruments, and sequential air samplers. These devices were mounted inside and
outside the buiiding prior to the shots. There were periodic recoveries in which
film packs were exchanged, portable survey meters were read, and filters in the

air samplers were changed.

The first recovery for shot DIABLO apparently occurred at H+12 and for
shot SHASTA at H+14.5. These times are deduced from the data rather than being
explicitly stated. No special Rad-safe considerations are mentioned, but it scems

likely they were required. DOD participation is not evident.

The objective of Project 32.2 was to test the calibration and utility of

a high-level aerial survey system designed for civil defense applications (119).
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Aircraft flew in orbits over areas of known activity (levels of interest start at

20 to 100 mR/h). Two types of scintillation detectors were used

in the aircraft,
Ground and aircraft

readings were compared to allow correlation of the two

monitoring systems.

Projeet 32.3 (System Operation Exercise and Evaluation) was performed in

and around an underground radiclogical shelter located within the

fallout zone
bevond the region of significant blast damage (300).

The first phase involved
evaluation of shelter performance and the ability of simple devices to predict the

radiological environment outside the shelter. It was performed from within the

involved precise determination of
radiological environment by personnel! outside the shelter.
were involved in hoth phases of

shelter. The second phase the exterior

Personnel from NRDL

this project. Phase Il activities began 45

minutes after the detonation. Those active in Phase Il are known to have worn

special :lothing and respirators.

The objectives of Project 32.4 were to provide documentary support for
Project 32.3 and to study the following (290):
e The attenuation of gamma radiation emitted from

a fallout field due to surface roughness of the
terrain

e Comparison of fallout material from tower- and
balloon~-supported shots of equal-scaled height

@ The use of small balloons as

platforms, and the stability of a
collector.

instrument
new fallout

The terrain attenuation study required both ground and aerial surveys to
obtain measurements of radiation intensity vs. height. A helicopter was utilized
for shot S3HASTA. For shot DIARILO,

a4 60-ton crane was utilized because a
helicopter was not available. These measurements hegan on D+2 for shot SHASTA and

on D+3 for shot DIABLO. Radiation levels were generally less than 300 mR/h.

The remaining objectives involved collection of fallout.

Recovery (by
helicopter) as early as H+20 minutas

is doeciimented, The

extant of DO partici~
pation is unknown, but NRDL is known to have analyzed the fallout samples, and was

listed as the performing agency.
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Program 33 was conducted to assess biomedical effects from nuclear
blasts. Included were studies to determine the biological environment produced
within shelters by blast effects, biological response to different patterns of
overpressure, characteristics of blast-induced missiles, and displacement of
personnel due to blast-induced winds. Involvement by the DOD in Program 33 was on

a funding basis to the Lovelace Foundation.

Programs 35 and 36 were primarily concerned with civilian radiological

defense operations and technologies. Program 35 was concerned with advancing the
state of the art while Program 36 was involved in providing personnel with back-
ground and experience in field operations. General activities included monitoring
radiation fields, evaluation and testing of radiological irstruments, and study of
aerial and ground recovery methods. A study of gamma irtensity as a function of
shielding geometry was also conducted to provide data on attenuation and build-up

factors for thick shields.

Program 37. Five of the seven projects conducted studies to assess the
biclogical hazards associated with radicactive fallout from nuclear detonations.

These studies (119) were divided into three primary areas:

e The delineation and characteriza‘tion of fallout

patterns

e The radiological, physical, and chemical
propertiecs of the fallout debris within these
patterns

® The evaluation of biological availability and
accumulation of radionuclides in plants and
animals.

The delineation and characterization of fallout patterns was the primary
responsibility of Projects 37.2 (Laboratory Analysis) and 37.2a (Field Surveys).
L.aboratory analysis was conducted by approxirately 30 personnel at Mercury. In
addition, certain specific fission-product analyses were conducted by the Chemical
Analysis Group at AEP/UCLA and data reduction required a five-man group. The
field survey group of Project 37.2a consisted of as many as 15 two-man teams who
were responsible for installation, operation, and recavery of sampling and

monitoring equipment.
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Four teams of four men eacih conducted field persistence studies as part
of Project 37.1, which was concerned with the longer term aspects of biniogical
accumulation of the fission products on and in plants and native rodents. Project
37.3 utilized a single two-man team to obtain data on biologicsl accumulation in

agricultural environments.

Project 37.6 was a training program. Personnel from various scientific
disciplines were trained in the techniques of environmental asscssment with
practical application under fallout conditions. Rotating project assignments were
an integral part of their training. Among the mentioned participants in the

training program were USAF veterinarians.

A description of pre-shot activities foliows (222):

The program's activities for fallout studies for a
detonation routinely began at 1590 hours on each
scheduled D-1 day and consisted of a review of the
weather forecast, of the possible uncertainties in
the forecast, and of their probable influence on
the predicted direction of the {fallout pattern.
This information was prepared by the NTS Weather
Group and the Fallout Predicticn Unit (FOPU) for
the formal weather briefings of the Test Manager's
Advisory Panel usually scheduled at 1600 hours, D-1
day. If the Advisory Panel's recommendations were
to proceed with the detonation, Project 37.2a teams
were assigned rendezvous (standby) locations ulong
the predicted pattern and were dispatched from
NTS.

In general, five to ten ficld teams were assigned
standby locations near the 20-, 50-, 80-, and
120-mile sampling ares along the fallout patterns
predicted by FOPU. Communications with these teams
were maintained by telephone and radio. Specific
station assignments were transmitted between H-3.3
hours and H+4 hours, aepending on the wind speed
forecast (fallout time-of-arrival). Each team
required 2.5 to 5 hours for the placement of
twenty sampling stations and safe retirement from
the area of potential contamination to a standby
location.
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Post-shot activities for these teams and for a U.S. Geodetic Survey team
that conducted aerial surveys began on D+l, The Project 37.2a field toams

conducted road survevs and recovered samples. Labora.ory processing usually began
at approximately W+30 hours. If hot spots were indicated by the initinl surveys,
thev were investigated and documented by two aerial teams from the Raw Materials
Division of the AEC on D+2., On two shots, special teams recovered samples at H+H

hours and immediately returned them to Mercury for processing.

Project 37.1 recovery teams did not enter the field until D+3 (data for
earlier times were provided by Project 37.2a recovery teams). Data from Project
37.2a teams were also utilized to direct Project 37.3 recovery teams to offsite

farms exhibiting a dose rate of at least 2 mR/h at H+12 hours.

In Project 37.4 laboratory and field tests were conducted on germanium
dosimeters to determine whether better knowledge of the characteristics of these
devices could be utilized to improve accuracy and sensitivity of fast-neutron
dosage measurements ohtained near nuclear detonuations {(110). The expected

improvements were not realized. 0NOD participation was not evident.

Chemical dosimetrv studies to estimate human exposures to prompt and
residual radiations from nuclear detonations were performed in Project 37.5. On
and offsite activities were required (304). Offsite fallout measurements were
made in conjunction with Project 37.2a. Close cooperation with the dosimetryv

studies conducted by Projects 39.1 and 39.16 is indicated.

Program 38 consisted of four projects conerrned with possible
contamination of foodstuffs by radioactive fallout. One prcject (223) studied the
ability of glass containers to withstand the effects of nuclear blasts. Another
(227) was concerned with the effectiveness of various packaging muterials and
subsequent decontamination procedures. A similar study (226) of contamina.icn of
raw agricultural rroducts considered post-harvest contamination of produce in bulk
storage or processing situations, practical methods of decontamination, and the
possible influence of processing operations on remova: of contamination, The

fourth (233) was a field training course.

Program 39, Several of the projects involved outside instrumentation

and support services for the various CET6 programs, The other projects were
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ariented toward assessing the biological effacts of radiation on various animals
for the ultimate purpose of extrapolation to man. DQOD participation was heavy as
suggested in Table 5-15. Most DOD personnel were from various militarv medical

arganizations.

The objective of Project 39.1 was to utilize fim dosimetry techniques
to measure gamma radiation from nuclear detonations. Two types of chemical
dosimeters were utilized (293). Pre- and post-exposure measurements were taken at
NTS bv USAF School of Aviation Medicine personnel. Installation and recovery of
the dosimeters were apparently accomplished by personnel of the projects which
required the dosimetry measurements. This included Projects 2.3, 2.4, 2.3, 4.1,
30.1, 30.2, 30.3, 30.4, 39.1, 39.6, 39.6a, 39.7, 39.7a, and 39.8.

In Project 39.1a a fim-taping technique designed and used by EGaG was
utilized to mcasure integrated gamma dose at points along the ground and in
selected structures for 13 shets (142). The data was taken primarily in support
of CETG projects from Programs 30, 35, 37, and 39, but some fallout measurements
and other special data were supplied to other projects (2.1, for example). The
ohjective of Project 39.1b was to furnish neutron-dose measurements for other CETG
projects. Personnel involved in this effort were the same as those involved in

Project 39.5.

Project 39.2 provided instrumentation for measuring static and dynamic
pressures in support of CETG Projects 32.1, 33.1, 33.2, and 34.4. Most of the
instrumentation was self-recording (237). The remainder was apparently electronic
recording. Three methods of remote actuation of these devices were discussed.
Details of location, mounting, and installation during pre-shot periods were

given. Recovery procedures are not discussed.

The objective of Part 1| of Project 39.3 was to measure transient air
temperature at selected locations in the blast-biology underground shelter in Area
1 during shot GALILED (i61). Due to problems with the recorders, this objeztive
was not met. The aobjective of Part Il (conducted by the University of Rochester)
was to evaluate thermal burns from a nuclear explosion on hiological receivers.
Pigs were used for the test. The original intent wag to egrrelate the resulls
from Parts I and [I, but this could not be accomplished because of the recording

problems. Recoverv of one recorder at YH+3.3 hours was indicated. High levels of
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radiation limited exposure time to six or seven minutes, and the second recorder
was recovered later. The instrumentation wes provided by NRDL.

Project 39.4 was scheduvled bhut later cancelled.

The objective of Project 39.5 was to gain information on the character-
istics of neutron and gamma radiation at various distances from selected nuclear
devices as a8 step in evaluating the doses received by the survivors of the
bombings of Hiroshima and Nagasaki (204). The project complemented Projects 39.6,
39.6a, and 39.7, which involved animal exposure to irradiation. The ultimate goal
of these projects was to provide reasonable estimates of the chronic effects of
racdiation on man. The experiments required placing detection devices as near as
500 yards from ground zerc and recovering them soon after the detonations. Care
was taken in mounting these devices to allow rapid recovery. DOD involvement
included several members of the U.S. Air Force School of Avistion Medicine; they

provided instrumentation for measuring gamma irradiation.

The main objective of Project 39.6 was to correlate neutron and gamma
measurements with biological response. The program was conducted by the USAF
Scheo! of Aviation Medicine (254;346). It involved exposing monkeys to neutron
and gamma radiation such that a range of radiation doses was received by the
different groups. All animals were monitored for short-term, acute radiation
effects, and where mortality did not oceur, they were monitored for long-term
effects. Considerablc data was obhtained relating to symptcms shown during
post-irradiation periods vs. radiation dose. The data was considered especially
important due to similiarities of the monkey to man in certain physiological

responses.

The objectlive of Project 39.6a was to expose a large animal (burro) to a
ruclear detonation under conditions identical to the exposure of a smaller
laboratory animal (monkey) (219,. it was hoped these comparisons could eventually
be extripolated to man for use in estimating the response of humans to whole body
irradiation. Considerahle data was made available and, to this extent, the
experiment was successful, There was substantial military involvement in this

program. Many participants are known. The project interfaced with Projects 39.6,

39.1, and 39.1b. It utilized the animal facilities preovided for Project 4.1 and




¥

the laboratory facilities of Project 57. The study continued at the shot site for

two months prior to moving to the University of Tennessee.

Long-term study of the delayed effects of acutely delivered nuclear
radiation on small animals {(mice) was the original objective of Project 39.7. A
chronic infection in the animal colony caused this objective to be abandoned. The
objective of Project 39.7a was to collect and evaluate information on the neutron
effects on several species and sizes of mammals in internally controclled fields.
This involved cooperation with Projects 39.5, 39.6, 39.7, and 39.8.

Project 39.8 wvas conducted by the Naval Medical Research Institute
€208). Its objectives were to determine (in tissue-equivalent phantoms
approximating the size of man) the relation of the air exposure or the incident
dese to the absorbed dcse in tissue-equivalert material, and the distribution of
absorbed dose through ‘he tissue-equivalent material. Both studies were made for
initial neutron and gamn.z radiation from an atomic dz2tonation. Several members of
the military services were involved, and one served as Field Supervisor.

Project 39.9 utilized telemetering techniques for recording radiation
data to supplement onsite and offsite Rad-safe. The offsite moritoring provided
data in areas not otherwise covered, while the onsite monitoring provided
information needed for early recovery parties. Offsite locations were usually
unmanned and were accessed by telephone to automatic equipment., Onsite locrtions
were unmanned, but tnose in high-radiation, early recovery areas utilized direct
coupling to provide countinucus readings to the controi area. The onsite stations
were housed in blast-protected units and were located in or adjacent to structures
being studied by various CETG projects. Louations were selected on the basis of
early recovery requirements of these projects. Data were utilized to ascertain
Rad~safe routes for eariy recovery in hot areas, to determine time of recoveries,

and to determine the nccessity for countermeasures.
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CHAPTER 6
RADIATION ANALYSIS OF DOD PERSONNEL

6.1 INTRODUCTION

This chapter addresses data available on recorded exposures to ionizing
radiation for approximatelv 18,000 DOD participants at Operation PLUMBRBOB. It

reflects information available as of 23 April 1981.

6.2 CHARACTERISTICS OF EXPOSURE DATA FOR PLUMBBOB PERSONNEL

Buring this test series, the principal device for recording &nd
monitoring individual radiation exposures was the DuPont Type 559 film badge.
This had both low and high range components. The low range component measured
intensities of 0,02 to 10 roentgens, and the high range component recorded
radiation levels of 10 to 300 roentgens. This packet of films, which had a lead
shield eovering both sides, was enclosed in a waterproof plastic covering, which
comprised the film badge itself. Each film badge had an alligator clip for
fastening it to clothing. In addition to film badges, self-reading pocket
dosimeters were also used as exposure indicators for some personnel working in
radiation areas. Film badges were processed by the Army's Lexington Blue Grass
facility for Desert Rock personnel; other participants were serviced by REECo.
Individuais were issued a numbered film badge; record was kept of his name and his
filni badge number., After badges were worn in contaminated areas, partizipants
returned the badges for processing to determine their radiation exposure received.
Each fim badge reading was then recorded on a form for later transcription onto
the individual's cumulative exposure card; this provided a permecnent record of the

his total radiation exposure.

6.3 DBATA SOU OES

The military  services developed the information pertaining to both
identification of the individuals .as well as the ionizing radiation dose they

received. This dara was obtained from a variety of sources:

21s




® Reynolds FElectrical and Engineering Company

(REECo) was the principal source of dosimetry
data. REECo is the DOE contractor charged with
radiological safety support at the Nevada Test
Site and has maintained a master file of
dosimetry data for the Department of Energy
since 1953. Most data is either on microfiche,
microfiim, or summarized computer tapes indexed
for retrieval. REECo has on file the original
processed film badges for activities at NTS and
has been provided supplementary material from
various other repositories of dosimetry
information. REECo also has microfilm records
of a wvariety of source documents, such as
contaminated area entry logs.

Lexington-Blue Grass Signal Facility (located in
Lexington, Kentucky), is an important source of
dosimetry information for military personnel who
participated in Exercise Desert Rock VII and
VIII during Operation PLUMBROB. This
information is on microfilm but only covers the
vear 1957, when Lexington provided dosimetry
services for Desert Rock. The Lexington films
also provide identification of personnel by
militarv unit.

Information from the general public contributed
to  (he identification of participants. In
February 1978, the public was invited via mass
media to ecall in by toll-free telephone to the
Defense  Nuclear Apgency  describing  their

participation in nuclear tests. Over 50,000
responces were received for further checking by
the military services. The public provided

identification and other helpful informatinn for
further research and verification,

The General Services Administration (GSA) has
been involved in both the ideatification of
individuals and dose information. GSA operates
the National Personnel Records Center (NPRC),
located in St, TLouis, Missouri. This is the
main repository for medical and personnel
records of individuals scparated from the Armed
Services. The determination of dose information
from Army medical records was hampered by the
fire that, in Julvy 1973, destroyed 13-17 million
Army records for personnel discharged between 1
November 1512 and 31 December 1959, ana for
members of the Army Air Corps/Air Force
discharged bhetween 31 December 1947 and 31
December 1963. The GSA also operates records
storage facilities which provided some
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- operational data, principally supporting
identification information with only limited }
dose information. The most useful of these were i
at Laguna Niguel, CA; San Bruno, CA; and !
Suitland, MD. |

® The Veteran's Administration (VA) is a source of

some dose information in that it maintains file

copies or originals of medical or personnel :

records for personnel separated from the !

: Services. These records are reqguired to

T substantiate an  individual's eligibility for

medical or dental care, as well as any

disability compensation, claims, and other

authorized veteran benefits. The VA obtains

files from the NPRC in St. Louis and usually

only retains an individual's file while a case

is under conside¢ration. However, the VA does

maintain a master computer file (BIRLS) which

can provide some information on cases previously
considered.

¢ DOD Nuclear Information and Analysis Center
(DASIAC, formerly Defense Atomic Support
Information and Analysis Center) provided
information relative to identification of
individuals and military units by identifying
and reviewing a large body of reports available
or listed in this bibliographic data base.

Some personnel identification and dose information is contained in

official reports written relative to Operation PLUMBBOB. These include:

® AEC Test Manager's Report (260) provided some
generalized dose information and total numbers
of participants, but no specific data relative
to individuais by name.

® AFC Test Director's Report (209) provided some
individual identification data, but no dose
data.

e The REECo Onsite Rad-Safety Report (334)
provided some data on exposures, but no D
individual identification on dose data. This C
source also included radiation exclusion
contours, residual! radiation measurements, and
some non-specific decontamination data.

=
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e Technical after-action reports were written by
project or program leaders. Some of these name
individuals or list participants, but provide no
other identification information and no dose
data. These reports also provide prompt,
neutron-induced and fallout radiation
information for those projects concerned with .
such measurements. ’

- —— -
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; e The Desert Reck VII and VIII Final Report (200)
L provides numbers of personnel participating in
i« projects and total numbers. However, this
+ report contains no identification data.

® The AFSWC PLUMBROB Final Report (2) provides
some dose data on pilots in the sampling program
and some total numbers for project
participation.

e Operation orders and schedules of events fur-
nish some names and numbers of participants.

The above sources provided information of general applicability to the

DOD participants in Operation PLUMBBOB. In addition, the Armed Forces have :
Service-unique sources:

¢ Morning reports, unit diaries, wmuster rolls, and
ships' deck logs provide identification data on
personnel assigned to participating units,
absent from their home unit, or in transient
status for the purpose of participating in a
nuclear weapons test.

e Official travel or reassignment orders provide
further identification information relative to
transient or assigned personnel participating in
the nuclear weapons tests.

ARV TR SO TPY S e

e Discharge records are maintained by all Services
and aid in identification.

e Military personnel records for individuals still
on active duty provide informution relative to
that individual's assignment to participating
units or attendance in transient stiatus at the
nuclear weapons test.

1 ——— b aod 81 ¢

@ Medical records tor participating DOD personnel
provide dose information in some cases (about
25%).




e Each Service also has an Adjutant General (or
similar) concerned not only with the admini-
stration of its Service but also with the
maintenance of records and the preservation of
unit histories.

® After-action reports, security rosters, and
vehicle loading rosters related to the military
exercises provide identification information on
participants.

e The Services' Reserve personnel activities pro-
vide both identification information on part-
icipants who may still be carried on active or
inactive reserve roles, and dose information in
medical records of some individuals.

Table 6-1 summarizes NTPR data sources which relate to the identifica-

tion of personnel and the determination of dose.

6.4 GENERAL PERSONNEL GROUPINGS

Regardless of the organization to which an individual was administra-
tively assigned, his possible exposure depended on the capacity in which he was

physically operating at the timn. There were three general groupings:

e Scientific project personnel. This  group
includes personnel concerned with the placement,
recovery and evaluation of experimentation
conducted at the shots. Personnel involved were
generally assigned to the AEC design
laboratories (UCHRL., LASL, and Sandia),
AFSWP personnel, and those Desert Rock personnel
who were involved in the technical service and
air operational training projects.

® Maneuver elements. This group includes units
conducting planned troop maneuver activities and
their transportation; the requisite field
support elements such as communications,
military police, etc., to accompany the mancuver
troops; and whatever aobservers, controllers,
evaluators and Rad-safe personnel were required
during maneuver activities in the NTS
operationsl areas.
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Table 6-1. DATA SOURCES IN NTPR ROSTER OF DOD

PARTICIPANTS.

SOURCE IDENTIFICATION DATA

DOSE DATA

REECo

Lexington Microfilm

GSA Repositories
- Personnel Records (Separated)
- Medical Records (Separated)

Veterans Administration

DASIAC

Jefense Nuclear Agency

Armed Services

~ Morning Reports, Diaries, Muster
Rolls, Deck Logs

Orders

discharge Records

Personnel Records (Active Duty)

Medical Records (Active Duty)
Administrative Service
After-Action Reports, Rosters
- Reserve Affairs
Other Sources
- Internal Revenue Service
- Defense Documentation Center

- Department of Energy
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Support elements. This group includes all other
personnel who were necessary to support the
test, but were not usually required to go into
the operational areas with the project personnel
or maneuver elements.

6.4.1 Before the Detonation

Scientific project personnel were involved in
the layout, construction, equipment placement,
installation and dry runs for the scientific
projects and could have been exposed to ionizing
radiation prior to the shots. Areas of the NTS
were already contaminated by prior nuclear
detonations and by earlier PLUMBBOB shots.
Although entry into Radex areas was controlled,
roxidual radiation in non-Radex areas (less than
10 mR/h) couid have contributed to exposure over
a period of time.

Maneuvers by troops required entry into opera-
tioral areas at NTS for orientation, training
and rehearsal purposes. Although these
activities did not involve entry into any Radex
area, there was an opportunity for exposure to
low-level radiation from previous nuclear tests.
Rehearsals also provided the opportunity for
exposure prior to the shots. It should be noted
that the troops needed to support the maneuver
units during rehearsals included some personnel
who were not a part of the actual maneuver
itself, such as those necessary to help dig the
defensive positions.

£.4.2 Detonation Time

Scientific project personnel on the ground were
usually located weil distant from surface ground
zero, and few were expoesed to initial radiation
from the bhurst. Aircraft involved in air
operational training and AFSWP projects were
closer to the burst. None of the cloud sampler,
cloud tracker or Naticnal Guard crews were
exposed to appreciable initial radiation from
the burst.

Maneuver elements were located safely distant
from surface ground zero. None were exposed to
appreciable initial radiation from the burst.
Helicopter support aircraft were in this
category.

Cm ——————
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e Support elements at Camp Desert Rock or Indian
! Springs were all far distant from surface ground

zero. None were exposed to initial radiation !

from the burst. ’

|

6.4.3 After the Detonation P

‘" : All the numbered operational areas around ground zero were closed until 5

i initial surveys of the area were completed. At that time controlled access to all

areas were established. This time was delineated as R-hour.

e Scientific project personnel. There was
specific, pre-programmed entry into contaminated
areas prior to R-hour for retrieval of time-
sensitive data, although most entries did not
occur until after R-hour. Subsequent to D-Day,
the scientific project personnel had recurrent
opportunities for exposure to ionizing radiation o
depending on the number of entries required to
gather data or to recover equipment.

SRRV TR TS ¥ TR

e Maneuver elements. Troop maneuvers were not
controlled by R-hour. In this case the Radex
monitors accompanying the troops established the
limits of troop penetration into contaminated
areas. When the Rad-safe monitors with the
troops determined that each maneuver element had
advanced to a safe limit, the exercises were
terminated. Troops from maneuver elements were
also involved in subseguent entries into the
area to recover equipment, inspect defensive
positions, and visit the display areas; these f
entries provided vrecurrent opportunity for H
exposure.

R R L P P

® Support eiements. These personnel did not
: normally enter the contaminated areas on D-Day
although activities associated with the maneuver
elements and scientific project personnel did
require some exposure of some of the support ,
elements in other operational areas. One
example was the ground transportation required
to remove maneuver elements following the

exercisa. After D-Day, such support elements as

decontamination teams, construction engineers

and signal personnel had recurring opportunity

for exposures when they entered the Nevada Test

Site areas to recover or io service the support

equipment.
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6.5 SUMMARIES OF PERSONNEL DOSE DATA

The personnel dose data available as of 23 April 1981 have been analy:ed

to address the following topics:
¢ Total person-rem.

e The personnel present al each series, subdivided
by Service, organization and unit (if known).

e Who, among DQOD participants at the nuclear
tests, were film badged.

e The ionizing radiation dose as measured by film
badges.

® The distribution of dose subdivided by service,
organization and unit.

Table 6-2 gives the number of participants by shot for PLUMBBORB based on
historical reports. For comparison, dose distribution is provided for those
participants whose names have been matched with dose records: Figure 6-1 provides
an overall look at dose distribution; Table 6-3 examines known participarts by
military service; the total number of known participants for PLUMBBOR is diviied
by major organizations in Table 6-4; in similar fashion this number of known
participants is subdivided by unit in Table 6-5. There will bhe some differences
in personnel numbers among the shot volumes, this series volume, and the census
volume because their contents are hased on successively later studies and data.

However, the differences are not considered statisticallvy significant.

The total number of personnel in Table 6-2 is obviously larger than

those in the subsequent tahles. There are several reasons for this difference:

® Many personnel who participated at a project in
one tchot were the same ones who conducted that
project at another shot.

e Some of the participants were not badged. Thus
any numbers taken from the dosimetry records
will automatically be lower than those from
other rources.

e Identification of participants is not absolute,

i e e o
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‘ Table 6-2. PLUMBBOB DOD PERSONNEL PARTICIPATION BY SHOT *
(Estimated Totals)
) ST NTO TEST GROUP_PROJECTS! DESERT ROCK PROVECTS (200)S __ AFSWC (3)**
. ;f z s
PROJECT 57 | NO NUMBERS AVAILABLE _ L }
BOLT/ZMANN 1 60 . 350 ; 80 J
‘ FRANKLIN : 300 30 10 | !
L LASSEN 50 240 60
’ WILSON f 170 ’= 870 70 j
i PRISCILIA ' 300 ° 1720 90 ‘ ;
{"‘ COULIMB A 0 : n 10 :
I HOOD ' 100 3 2760 280
DIABLO 40 L 1340 ! 100 {
JON 50 690 i 60 f i
KEPLER 70 B 1360 L 100 g
OWENS 90 f 720 | 70 3
PASCAL A ‘ ; 560 ' 0 |
STOKES _ 40 5 1360 i 70 '
SATURN 0 ' 590 _ 7 9
SHASTA 30 ’ 610 : 80
DOPPLER 35 L 1210 : 10
PASCAL B . - 0 0 '
FRANKLIN PRIME 20 ; 1080 50
SMOKY 320 : 230 190
GALILED 120 320 ! 50 : |
WIEELER 20 ? 140 50 P
4 QUL B 0 ; 0 15
{ LAPLACE 30 ' 130 50 S
FIZEAU 6V : i 140 60 :
; NEWICN 15 . 80 60
RAINIER 10 ; 30 20
WHITNEY 150 - 30 60
HARLESTON 60 o 30 60
MORGAN 40 . 0 50
TOTALS 2180 18820 1935
1760 Support Personnel §10080 Support Personnel **9(30 Support
for Series for Seriec Personnel for
Qariac
* If one eliminates the ohvious duplications fran shot to shot, the
estimated total number of XD personnel pariicipating in the PLIMBAOB
series reduces from a total of 25,600 to ahout 18,000.
-




ESTIMATED NUMBER OF PERSONS FOR WHICH DOSE INFO IS AVAILABLE

6000

5000

4000

3000

2000

1600

<0.1 rem 0.1-1 rem 1-3 rem 3-5 rem =5 rem
DOSE (REM)
Figure 6-1. DOSE DISTRIBUTION, PLUMBBOB SERIES.
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Tables 6-4 and 6-5.
units.)

TROOP UNIT ABBREVIATIONS

The following is a list of the abbreviations used for PLUMBBORB troop units in b

ABRBREVIATION

Ist MARINE DIV
1st RSSU
2 SIG PLT (PHOTO)

2 TR CO (TRUCK)
26 TR hN

3 MAW HQ

3rd LT SUPPORT CO
1st SERVICE BN

8 FIELD HOSP

3 TRANS CO

21st HELO SODN

26 TRANS BN (HQ & HQ CO)

31 TRANS CO

38 TR CO (HV)

30 CHEM PLT
53 OM SUB/SUP CO
82nd AIRBORNE

84th ENG BN

138 TRANS DET

{(Names in hrackets indicate home stations of participating

UNIT

1st Marine Division [Camp Pendleton, CA]
Ist Rad-safe Support Unit [Ft. McClellan, AL]J
Znd Signal Platoor (Photo) 'Ft. Huachuca, AZ]

2nd Transportation Company (Truck)
26th Transportation Battalion [Ft. Ord, CA]

3rd Marine Air Wing Headquarters {El! Toro, CA}
3rd Light Support Company, 1Ist Service
Battalion, lst Marine Division [Camp
Pendleton,CA])

8th Field Hospital [Ft. Lewis, WA]

8th Transportation Company [Ft. Benning, GA}
2ist Helicopter Squadron [Ft. Benning, GA]

26th Transportation Battalion (Headquarters
and Headquarters Company) [Ft. Ord, CA}

Jist Transportation Company, 3rd Transport-
ation Battalion [Ft. Benning, GA]

3sth Transportaiion Company (Heavy) [(Ft. Ord,
CA]

50th Chemical Platoon [Ft. Ord. CA]}
53rd Quartermaster Detacnment [Ft. Ord, CA]
82nd Airborne Division [Ft. Bragg, NC}

84th Engineer Rattalion {Company B) [Ft.
Ord, CA}

138th Transportation Detachment, 3rd
Transporiation Battalion {Ft. Benning, GA]j
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ABBREVIATION UNIT

-

140 TRANS DET 140th Transportation Detachment, 3rd ‘
Transportation Battalion [Fi. Bragg, NC]
163 QM (LAUNDRY) 163rd Quartermmaster Detachment [Ft.
i Lewis, WA .
; 232 SIGNAL CO 232nd Signal Company [Ft. Huachuca, AZ}
. - 293 MP CO 293rd Military Police Company [Ft. Ord, CA] 2
t i
o
E- 526 ORD CO (HAM) 526th Ordnance Company (Helicopter and
: Maintenance)
- B 331 TR CO (MED) 531st Transportation Company (Medium)
* 656 QM (PET SUP CO) 656th Quartermaster Detachiient (Petroleum
: Supply Company) [Ft. Lee, VA]
802nd AIR DIV 80znd Air Division
3395th /C TRNG 3395th Combat Crew Training Support Sguadron ,
4925th TG 4925th Test Group (Atomic) [Kirtland AFB, NM] i
' 4926th T SQDN 4926th Test Squadron [Kirtland AFB, NM]
4927th T SQDN 4927th Test Squadron [Kirtland AFB, NM]
, 4935th Ak BASE GP 4935tk Air Base Group [Indian Springs AFUY, !
] NV | !
4450th TG (N) 4950th Test Group (Nuclear) [Kirtland AFB, &
4 NM] -;
4932nd SUPP SQDN 4952nd Support Squadron [Kirtland AFB, NM]
'
’1
AFSWC (HQ)) Air Force Special Weapons Center [
(Headquarters) [Kirtland AFB, NM]
L AFsSwp (HQ) Armed Forces Special Weapons Project i
. (Headquarters) [Washington, DC) :
. AFSWP (FC) Armed Forces Special Weapons Project

(Field Command) [Sandia BRase,
Albuquerqgue, NM]

AF HQ Air Force Headguarters

. AG SECT Adjutant Genera! Section, U.S. Army
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ABBREVIATION

ARMY ENG RaD

AVIATION SECT
CDR HQ

CDR STAFF
CETG

CO A

Co B

co C

co

9]

CO F

Co G

CO H

CwWL

DOFL

ENGINEER SECT
ESL
EVALUATION GP

FINANCE SECT

UMIT

Army Engineer Research and Develop-
ment Laboratory {Ft. Helvoir, VA]
Aviation Section [Camp Desert Rock]
Camp Desert Rock (headquarters)
Camp Desert Rock (staff)

Civil Effects Test Group

Company A, 1lst Anti-tank Battalion,
1st Marine Division [Camp Pendleton, CA]

Company B, lst Motor Transportation

Battalion, st Marine Division {Camp Pendleton,
CAl

Company C, 3rd Armoured Transportation
Battalion, 1st Marine Division {Camp Pendleton,
CA]

Company E, 2nd Eattalion, 5th Marine
Regiment, 1st Marine Division [Camp Pendleton,
CAl

Company F, 2nd Battalion, 5th Marine
Regiment, 1st Marine Division [Camp Pendleton,
CA]

Company G, 2nd Battalion, 5th Marine
Regiment, 1st Marine Division [Camp Pendleton,
CA)

Company 1, 2nd Battalion, 5th Marine
Regiment, 1st Marine Division [Camp Pendleton,
CA}

Chemical Warfare Laboratory [Ft, McClellan, AL}
Diamond Ordnance Fuze Laboratory [Maryland]
Engineer Section [Camp Desert Rock]

Evans Signal Laboratory [Ft. Monmouth, NJ]
Evaluation Group, Task Force WARRIOR

Finance section {Camp Desert Rockl]
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ABBREVIATION

FOPU

HQ & HQ CO 3rd
TRANS BN

Ha8 CO 2nd BN 5th M

HUMRRO GP

INSTRUCTOR GP

ISAFB

LEX SIG DEPOT

MAG 15

MAG 33
MAG 36

MISC GARRISON CDR

NAU (Sandia)

NASWF

NASWP

NML

NOL

NRDL

NRL

PATHFINDERS

UNIT

Fallout Prediction 1init

Headquarters and Headquarters Company, 3rd
Transportation Battalion [Ft. Benning, GA}

Headquarters and Support Company, 2nd Bat-
talion, 5th Marine Regiment, 1st Marine Division
[Camp Pendleton, CA]}

Human Rescurces Research Office {Depart-
ment of the Army]

Instructor Group

Indian Springs Air Force Base [Indian Springs,
NV]

Lexington Signal Depot [Lexington, KY]
Marine Attack Squadron 223, Marine Aircraft
Group 15, 3rd Marine Aircraft Wing, (El Toro,
CA]

Marine Air Group 33 [El Toro, CA]

Marine Air Group 36.[El Toro, CA]}

Miscellaneous U.S. Army Garrison, Camp
Desert Rock |Camp Irwin, CA]

Naval Administrative Unit (Sandia) [Sandia Base,
Albuquerque, NM]

Naval Air Special Weapons Facility [Sandia Base,
Albugquerque, NM]

Naval Air 3pecial Weapons Project {Sandia Bese,
Albuquerque, NM]

Naval Material Laboratory (Naval Shipyard,
Brooklyn, NY)

Naval Ordnance Laboratory [Washington, DC]

Navy Radiological Defense Laboratory (San
Francisco, CA]

Naval Research Laboratory [Washington, DC]
506th Pathfinder team for Task Force
WARRIOR [Ft. 3ragg, NC]
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ABBREVIATION

PIO

OM/R&D
QM/SECTION

RAD-SAFE SECT

I SAM USAF

SIG SECT
SGO/ARMY

SRI
UNK REECo CDR
UUSWB

USA/BRL

WADC

WSPG

UNIT

Public information Office

Cuartermaster Research and Development
[Natick, MA]

s —————

Quartermaster Section [Camp Desert Rock]

B LT o

Radiological Safety Section [Camp Desert Rock]

School of Aero Space Medicine, U.S. Air
Force [ Brooks AFB, TX]

Signal Section [Camp Desert Rock]

Office of Surgeon General [ Washington, DC]
Stanford Reseerch Institute [Menlo Park, CA]
Unknown REECo Badged at Camp Desert

Rock

United States Weather Bureau [{Greensboro, NC]
Army Ballistics Research Laboratory [Aberdeen |
Proving Ground, MD] é
Wright Air Development Center [Wright-
Patterson AFB, OH])

White Sands Proving Ground [New Mexico]
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6.6 SUMMARY OF RADIOLOGICAL SAFETY AT PLUMBBOB

This analysis of the PLUMBBOB radiation safety program considers only
the Department of Defense per<onnel (including those assigned to the AEC and its

laboratories). As a result of the safety measures instituted at the time

® The total person rem was approximately 5,200,
Assuming scme 14,880 badged participants, this
results in a mean dose of 0.35 rewm.

e Out of 14,880 dose records, only 111 individuals
(0.7% of all participants) exceeded 3R for the
13-week limit; of these 50 exceeded 5 R for the
yearly limit.

6.6.1 Overall Results of the EDR Radiological Safety Program

The final report of Exercise Dozsert Rock VI and VIH contains no
overall assessment of the Rad-safe program except to say that s total of 33,000
film badges were processed. Some additional results are quoted in the "After
Action Reports" written by the responsible officers (8). The 50th Chemical

Platoon, which provided Rad-safe monitors and decontamination services, reported
the following results:

Personnel monitored 5,725
Personnel requiring decontamination 7
Vehicles monitored 867
Vehicles requiring decontamination 166

This platoon (which could expect higher than average doses because of its employ-
ment during the cxercises) also reported on its cumulative dose for each man in
the platoon: only two persons received "3 R or greater.” The Signal Officer,
whaose personnel processed and read the film bhadges, reported that "this operation
was highly successful and the statistics acecumulated will provide adequate basis

upon which to render scientific data for studv.

For the period encompassed hy shots ROLTZMANN, FRANKLIN, LASSEN
and WILSON (7 May to 20 June 1957), one member of the ad4th Engineer Battalion
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(Company B) showed a reading of 4.9 roentgens. Other troops received "warning-
level™ exposures, but beceuse of the re sulations regarding film badge issuc and
turn~in, a period of one week could elapse hefore report of the film badge reeding
was made. Thus it is difficult to assign a reading to s particular shot. (2%1)

The equipment display officer at shot HOOD, who made several return
trips to the display ares in the days following the shot, received 7.2 roentgens.
This is the only reading detected so far emong Project 52.1 participants at shot
HOOD in excess of the established Exercise Desert Rock criterion of five
roentgens.

From 8 July to 3¢ July 1957, the period encompassing shots DIABLO, JOH'{,
KEPLER, and OWENS, available film badge readings for Project 50.8 participants
indicate that five cases exceeded the five roentgens-per-year exposure liniit;
three in the survey platoon, one in the 435th AAA Missile Battalion (Nike), and
one in the air section. A member of the Radiological Safety Secztion showed a
reading of 5.7 roentgens from 19 July to 24 July 1957, the period encompassing
shots JOHN and KEPLER. The troops received "warning-levei™ exposures, but because
of the usual one-week reporting delay, it is difficult to assign a reading to a
particular shot.

One member of the 50th Chemical Platoon showed a reading of 5.5
roentgens firem 15 July to 25 July 1957, the period for shots DIARLO to OWENS.
Other troops received "warning-level” exposure, but because of the usual one-week

reporting delay, It is difficult to assign a reading to a particular shot.
6.6.2 Overall Results of the NTO Radio'ogical Safaty Program

The resuits of the NTO onsite Rad-safe program are best described in the
words cf the Test Manager's Report (extracted on the following page., pp. 73 and
74, reference 260; note that this does not differentiate between DOD and AEC

personnel):

Onsite Personnel Gamma Overexnosure

Of the total of 9,000 individuali radiation
dosage records maintzined by the Support
Contractor, Nevada Test Organization, there were 22
individuals that exceeded the 3 R for the 13-week

S |

[P —




guide with only 2 exceeding the 5 R yearly limit.
These over-exposures can be summarized as follows:

Three men received their dosage in small
portions over the 13-week period and were over the
3 R guide by only a few milliroentgens.

Four men performed recovery operations in
about a 10 R/h field and failed to provide proper

shielding for their samples while returning to the
cp.

Two men on separate recovery operations
miscalculated their stay time.

Three men violated Rad-safety regulations and
entered a radiation field in excess of 10 R/h
without permission of the Test Director.

Three men on initial helicopter radiological
survey became overexposed when the pilot failed to
pull out of the radiation field on instruction from
the monitor.

Seven helicopter pilots received over 3 R for
13 weeks performing initial radiation surveys and
recovery missions. Two of these exposures were
over 5 R for the operation.*

There were some 17 personnel from the 4950th
Test Group (Nuclear) performing cloud sampling
missions that received over 3 R for 13 weeks or 5 P
for the operation. These had previously be:
authorized to receive 7.5 R for the operation.

There were 3 men from the U,S. Naval
8pecial Weapon Facility, Kirtland Air Force Base,
who received over 3 R for 13 weeks and 5 R for the
operation. These men had previously been
authorized to receive 15 R for the operation.

For Prcject 5.5 at shot JOHN, dosimeters in th. _ilot's cockpit of an
F-89D aircraft measured 3.55 roentgens of gamma radiation. Those in the

observer's cockpit recorded 2.44 roentgens of gamma radiation. (297)

*This item on seven helicoptoer pilots was apparently placed in the Internal
Exposure scction of the referenice in error. These seven cases when placed in

as previously

"the Gainma Overexposure” category, bring the total up to 22,
mentioned.
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Onsite Personnel Internal Exposure

Several incidents occurred durirg the series which could have led to ;
internal exposures. Laboratory analysis of body fluid indicated that no ’
significant exposures occurred. These exposures can be summarized as follows:

, e During the Project 57 experiment one person
i removed his respiratory protective device while
in the area of surface plutonium contamination.

: e Twelve personnel were exposed to radioactive gas
e in a tower cab.

[ e Several personnel were exposed while removing
and cutting a piece of plutonium-contaminated
cable.

e VFour personnel without respiratory protection
entered a plutonium-contaminated tunnel. They
left immediately after detecting the plutonium
contamination.
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Minneapolis Public Library
ATTR:  Librmn

University of Minnesota
ATTN: Dir of Libraries (Req)

Minot State College
ATTH: Librn

Mississippi State University
ATIN: Librn

University of Mississippi
ATTN: Dir of Libraries

Missouri University at kansas City General
ATTN:  Librn

Lriversity nf Missouri Library
ATTN: Gov Docs

M.1.T. Libraries
ATTR: Librn

Mobiile Public Library
ATTN  Gov Info Div

Midwestern “.iversity
ATTN:  Librn

Montana Siate Library
ATTN:  Librn

Montana State University Library
ATTN:  Librn

Untversity of Montana
ATIN: Dir of Libraries (Reg)

Montebello Library
ATTh:  Liben

Morhead State (ollege
ATTN: Library

Mt Prospact Public tibrary
ATIN: Gov't Info “tr

Murray State University Library
ATTH- L ib
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r OTHER_{Continued) OTHER (Continued)
Nassau Library System State University of New York .
ATTK: Libmn ATTN: Librn b
» Natrona County Public Library New York State University i
ATTN: Librn ATIN: Docs Ctr ’
Nebraskd Library Community State University of New York "
- Nebraska Public Clearinghouse ATTN: Docs Dept . i
I ATTN: Liben :

; New York University Library i
i University of Nebraska at Omaha ATTN: Docs Dept !
i ATTN:  Univ Lib Docs .
1= Newark Free Library )
'!:,' Nebraska Western College Library ATTN: Librn i
: ATIN: Librn

Newark Public Library
- University of Nebraska ATTN: Librn
ATTN: Dir of Libraries (Req)

Niagara Falls Public Library
’ University of Nebraska Library ATIN. Llibrn
ATTH: Acquisitions Dept
Nicholls State University Library -

University of Nevada Library ATTN: Docs Div .
ATIN: Gov Pubs Dept '
Nieves M. Flores Memorial Library
University of Nevada at Las Vegas ATTN: Librn

ATTN: Dir of Libraries
Norfolk Public Library

New Hampshire University Library ATTN: R, Parker
ATTH: Librn
North Carglina Agricultural & Tech State
New Hanover County Public Library University !
ATTN: Libm ATTN: Librn 1
New Mexico State Library University of North (arolina at Charlotte f
ATIN: Librn ATTN: Atkins Lib Dot Dept !
New Mexico State University University Library of North Carolina at Greensbovo : ;
ATTN: Lib Docs Div ATTN: Libm ’
University of New Mexico University of North Carolina at Wilmington ‘
ATTN:  Dir of Libraries (Req) ATTN: Libm ) i
niversity of New Orleans Library North Carolina Caentral University ; i
ATTN: Gov Docs Div ATTN: Libm H !
New Orleans Public Library North Carolina State University E i
ATTN: Libm ATTN: Liben : :
New York Public Library University of North Carolina at Wilmington : ,
* ATTN: Librn ATTN: Librn !
. New York State Library University of North Carolina :
ATTN: Docs Contro) Cultural Ed Ctr ATTN: BA SS Div Docs '
. R : [
tate University of New York at Stony Brook North Dakita State University Library . i
ATTN: Main Lib Docs Sec ATTN:  Docs Librn : i
i 1
. - ! 1
State University of New York Col Memorial Lib University of North Dakota 1 i
at Cortland ATTN: Librn "
ATTN:  Librn :
University of North Lakota : {
State University of New York ATTN: Dir of Libraries ! ;
ATTN: Lib Docs Sec :

- s North Georgia College
North Texas State university tLibrary ATTN: Librn
ATIN: Lliben
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OTHER (Cont inued)

Northeast Missouri State Univeristy
ATTN: Librn

Northeastern Oklahoma State University
ATTN: tLidbm

Northeastern University
ATTN: Dodoe Library

Northern Arizona University Library
ATTH: Gov Docs Dept

Northern 111inois University
ATIN: Librn

Northern Michigan University
ATIN: Docs

Nortnern Montana College Library
ATTIN: Librn

Nortiwestern Michigan College
ATTN: Liben

Northwestern State University
ATTR: Librn

Northwestern State University Library
ATTN: Librn

Northwestern University Library
ATTN:  Gov Pubs Dept

Norwalk Public Library
ATTN: Libm

Northeastern I11inois University
ATTN: Library

University of Notre Dame
ATTN: Doc Ctr

Oakland Community College
ATTN: Librn

Oakland Public tibrary
ATTN: Libm

Oberlin College Library
ATTN:  Librn

Ocean County Callege
ATTN: Librn

Ohio State Library
ATTN: Libm

Ohio State University
ATTN: Lib Docs Div

Ohio University Library
ATTN: Docs Dept

Oklahoma City University Library
ATTN: Libmn

Oklahoma City University Library
ATTN: Libmn

QTHER (Continued)

Oklahoma Department of Libraries
ATTN: U.S. Gov Docs

University of Cklahoma
ATIN: Docs Div

01d Domiriion University
ATTN: ODoc Dept Univ Lib

Olivet College Library
ATIN: Librn

Omaha Public Library Clark 8ranch
ATIN: Librn

Onondaga County Public Library
ATTN: Gov Docs Sec

Oregon State Library
ATIN: Librn

University of Oregon
ATTN: Docs Sec

Ouachita Baptist University
ATTN: Librn

Pan American University Library
ATTN: Libm

Passaic Public Library
ATTN: Libm

Queens College
ATTN: Docs Dept

Pennsylvania State Library
ATTN: Gov Pubs Sec

Pennsylvania State University
ATTN: Lib Doc S=c

University of Pennsylvania
ATTN: Dir of Libraries

University of Denver
ATTN: Penrose Library

Peoria Public Library
ATTN: Business, Science & Tech Dept

Free Library of Philadelphia
ATTN: Gov Pubs Dept

Philipsburg Free Pubiic Library
ATTN: Library

Phoenix Public Library
ATTN: Librm

University of Pittsburgh
ATIN: Docs Office, G8

Plainfield Public Library
ATTN: Libm
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Popular Creek Pubiic Library District
ATTH: Libmn

Association of Portland Library
ATIN: Libm

Portland Public Library
ATIN: Librn

Portland State University Library
ATTN: Librn

Fratt Institute Library
ATTN: Librn

Louisiana Tech University
ATIN:  Librn

Princeton University Library
TTN:  Docs Div

Providence {ollege
ATTN: Librn

Providence Public Library
ATTN:  Librm

Public Library Cincinnati & Hamilton County

73R (Continued)

Richland County Public Library
ATTH: Llibrn

Riverside Public Library
ATTN: tLibrn

University of Rochester Library
ATTN:  Docs Sec

Untversity of Rutgers Camden Library
ATTN: Libm

State University of Rutgers
ATYN: Librn

Rutgers University
ATIN: Dir of Libraries (Reg)

Rutgers University Law Library
ATTN: Ffed Docs Dept

Salem College Library
ATIN: Librn

Samford University
ATTN: Librn

San Antonio Public Library

ATTN: Librn ATTN: Bus Science & Tech Dept
Publi. aravy of Hashville and Davigson County San Diego County Library
i:  Librn ATTN: (. Jones, AcGuisitions

University of Pyerto Rico
ATTN: Doc & Maps Room

Purdue 'miversity Library
ETTN: Librmn

GQuinebaug Valley Community College
ATTN: Librn

Auburn University
ATTIN: Microforms & Docs Dent

Rapid City Public tibrary
ATTH: Librn

Reading Public Library
TTH:. Librn

Reed College Library
ATTHD Liorn

Rugusta College
ATTN: Librn

University of Rhode Island Library
FTTN:  Gov Pubs Cfc

University of Rhode Island
ATTH: Dir of Libraries

Rice University
ATTN: Dir of Libraries

Louisiana Callege
ATTN: tibrn

San Diego Public Library
ATIN: Librn

San Diego State University Library
ATTN: Gov Pubs Dept

San Francisco Public Library
ATTIN: Gov Docs Dept

San Francisco State College
ATTIN: Gov Pubs Coll

San Jose State College Library
ATTN: Docs Dept

San Luis Obispo City-County Library

ATTN: Libren
Savannah Public & Effingham Liberty Regional
Librar,

ATTN: Libm

Scotishbluff Public ribrary
ATTH: Librn

Stranton Public Library
ATTN: Librn

Seattle Public Library
ATTN: Ref Docs Asst
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PERE

2TRER {(Continued;

Selby Fublic Library
ATIN:  Librn

Zhawnee Library Syastom
AlTh: Lihrn

Shreve Memorial Library
ATTN:, Librn

S11as Bronson Public Library
ATTN: Librn

Sioux Zity Public Library

ATTR:  (ibre

Shidmore Colleye
ATTN: Librn

Slippery Rock State College Library
ATTN: Libm

South Carolina State Library
ATTSN:  Librn

university of South Carolina
ATTRD Likm

universiiy o€ South Caroiina
ATTH:  fGov Docs

South Dakota School of Mines § Technical Library
ey

TIN: Librn

Scuth akota State Library
“TTN: Fed Docs Dept
wiiversity of South Dakota

ATTR:  Dors Uibrn

South Florida University Library
ATTN: Librn

Southeast Missouri Ltate University
ATTN: Litm

Southeastern Massachusetts nivarsity Library
ATTN: Docs Sec

university of Southern Alabamg
ATTH: Librn

Southern California niversity Library
TTN: DSocs Dent

suuthern Connecticut State College
ATTN: Library

Hlincis Universit,
Librn

Soutnern [Tlincis University
ATTH: Tocs Ctr

Soutnern Methodist Sniversity
ATTH:  |ibrn

T earsity 0F Sputhern Mississippt
ATTN: Liprary

UTHER (Continued)

Southern Oreqon College
ATTN: Library

Southern University in New Orleans Library
ATTN: Libm

Southern ytah State College Library
ATTH: Docs Dept

Svuthwest Missouri State College
ATTH: Library

University of Southwestern Louisiana Libraries
ATTN: Librn

Southwestern University
ATTN: Librn

Spokane Puhlic Library
ATTH: Ref Dept

Springfield City Library
ATTH: Docs Sec

St Bonaventure University
ATIN:. Librn

St Jeh

3

s River Junioy Tuliege
ATIN: Library

St Joseph Public Library
ATTN: Libm

St tawrence University
ATTN: Librn

St Louis Public Library
ATTN: Libmn

5t Paul Public Library
ATIN: Librn

Stanford University Library
ATIN: Gov Docs Dept

State Historical Soc Library
ATIR: Docs Serials Sec

State Library of Massachusetts
ATTN: Liben

State University of New York
ATIN: Librn

Stetson University
ATIN: Librmn

University of Steubenville
ATTH:  Librn

Stockton & Sar Joaquin Public Library
ATIN:  Librn

Stocktor State (cllege Library
ATIN: Librn

Albion College
ATTY%: Gav Dogs Librn
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QOTHER (Continued)

Superior Public Library
ATTN: Librn

Swarthmore College Library
ATTh: Ref Dept

Syracuse University Library
ATTN: Docs Div

Tacoma Public Library
ATTN: Libm

Hillsborough County Public Library at Tampa
ATTN: Libm

Temple University
ATTN: Libm

Tennessee Technological University
ATTN: Libm

University of Tennessee
ATTN: Dir of Libraries

College of ldaho
ATIN® Libm

Texas A & M University Library
ATTN: Librn

University of Texas at Arlington
ATTK: Library Docs

University of Texas at San Antonio
ATTN: Library

Texas Christian University
ATTN: Librn

Texas State Library
ATTN: U.5. Docs Sec

Texas Tech University Library
ATTN: Gov Docs Dept

Texas University at Austin
ATTN: Docs Coll

University of Toledo Library
ATTN: Libmn

Toledo Public Library
ATTN: Social Science Dept

Torrance Civic Center Library
ATTN: Libm

Traverse City Public Library
ATTR: Libmn

Trenton Free Public Library
ATTX: Libm

Trinity College Library
ATTN: Librn

Trinity University Library
ATTH. DRws Coll

QTHER (Continued)

Tufts University Library
ATTN: Docs Dept

University of Tulsa
ATTN: Librn

UCLA Research Library
ATTN: Pub Affairs Svwc/U.5. Docs

Uniformed Services Univzrsity of the Health
Sciences
ATTN: LRC Library

University Libraries
ATTR: Dir of Lib

tniversity of Maine at Orenc
ATTH: Librn

University of Northern lowe
ATTN: Library

Upper Iowa College
ATTN: Docs Coll

Utah State University
ATTN: Librn

University of LUtah
ATIN: Special Collections

University of Utah
ATTN: Dir of Library

Utica Public Library
ATTN: Librn

Valencia Library
ATIN: Libm

Valparaiso University
ATIN: Libm

yanderbilt University Library
ATTN: Gov Docs Sec

University of Yermont
ATTN: Dir of Libraries

virginia Cosmonwealth University
ATTN:  Libm

Yirginia Military Institute
ATIN: Librn

Virginia Polytechnic [nstitute Library
ATIN: Docs Dept

virginia State Library
ATTN: Serials Sec

Univarsity of Virginia
ATTK: Pub Docs

Yoiusia County Public Library
ATTN: Libm

p ey




OTHER (Continued)

Washington State Library
ATTN: Docs Sec

Washington State University
ATTN: Lib Docs Sec

Washington University Libraries
ATTN: Dir of Libd

University of Washington
ATTN: Docs Div

Wayne State University Library
ATTN: Libmn

Wayne State University Law Liorary
ATTN: Docs Dept

Weber State College tibrary
ATTN: Libm

Wesleyan Uriversity
ATIN: Do-s cibrn

West Chester State Coliege
ATTN: [ocs Dept

West Covina Library
ATIN: Librn

Univeristy of West florida
ATTH: Librm

West Georgia College
ATTN: Librn

wWest Hills Community College
ATTN: Library

West Texas State University
ATTN: Library

West Virginia College of Grad Studies Library

ATTN: Librn

University »f West Virginia
ATTN: Dir of Libraries (Reg)

wWesterly Public Library
ATTN: Libm

Western Caraline Jniversity
ATTN: Librn

Western I1linois Univarsity Library
ATTR: Libm

western Washingtcn University
ATTN: Libm

¥estern Kyoming Community College Library

ATTN: Liben

Westmoreland City Community College
ATTN: Learning Resource (tr

OTHER (Lontinued)

Whitman Lollege
ATIN: Librmm

Wichita State University Library
ATTN: Libmn

Williams 8 Mary College
ATIN: Docs Dept

Emporia Kansas State College
ATTN: Gov Docs Div

William College Library
ATIN: Libm

Williamantic Public Library
ATIN: Libm

Winthrop College
ATIN: [ocs Dept

University of Wisconsin at Whitewater
TIN: Gov Docs Lib

University of Wisconsin at Milwaukee
ATTN: Lib Docs

University of Wisconsin at QOshkosh
ATTN: {ibrn

University of Wisconsin at Platteville
ATiN: Doc Unit Lib

University of Wisconsin at Stevens Point
AYTN: Docs Sec

University of Wisconsin
ATTN: Gov Pubs Dept

University ot Wisconsin
ATTN: Acquisitions Dept

worcester Public Library
ATTN: Libmm

Wright State University Library
ATTR: Gov Docs Librn

Wyoming State Library
ATTIN: Libm

University of Wyoming
ATTN: Docs Div

Yale University
ATTN: Dir ¢f Libraries

Y2shiva University
ATTN: Libm

Tuma City County Library
ATTN: Librn

Simon Schwob Mem Lib, Columbus (ol
ATTN: Liben
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DEPARTMERT OF DFFENSE CONTRACTORS

Advanced Research & Applications Corp
ATIN: W, tee

JAYCOR
ATTN: A, Nelson
b ey ATING €. Lowery
10 cy ATIN: Health & Environment Div

JRB Associates
10 cy ATIN: L. Novotney

Kaman Tempo
ATIN:  DASIAC
ATTN: E. Martin

Kaman Tempo
ATTN: R, Miller
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NEPARTMUNT OF DEFENSE CONTRACTORS, (Continued)

Kaman Tempo
ATIN: C. Jones

National Acadeny of Sclences
ATTN: C. Robinette
ATTN: Med Follow-up Agency
ATTN: Natl Mat Advisory Bd

Pacific-Sierra Research Corp
ATTN: H. Brode

R & D Associates
ATTN: P, Haas

Science Applications, Inc
ATTN: Tech Lib




